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A  BSTK  AC  T 


This  simulation  is  a  versatile  SI  a SCRIPT  program 
designed  to  determine  tr ansportation  destination 
fluctuations  caused  by  B.s.  Naval  vessel  movements  in 
the  San  Francisco  Bay  irea.  The  through-put  model  was 
designed  to  investigate  the  relationship  between  the 
annual  number  of  delivery  trips  and  the  average 
material  delivery  delay.  Numerous  parameters  have 
been  ta'cen  into  consideration  in  the  generation  of  a 
model  that  is  as  realistic  as  possible.  Requirement 
priority,  item  quantity,  customer  movement,  ultimate 
destination,  ind  process  time  are  t ne  significant 
random  variaoles  which  have  been  issioned 
proba bi !i stic  distributions.  In  view  of  th° 
simulation  results,  it  would  appear  that  actual 
modificition  of  the  current  shipping  parameters  may 
yield  substantial  t rans porta  ion  savings. 


4 


TABLE  OF  CCtJ  TENTS 


l.  INTRODUCTION .  9 

A.  EACXOROUND .  9 

d.  OBJECTIVE .  12 

C.  SCOPS .  12 

II.  ASSUMPTIONS  AND  PARAMETER  EVALUATIONS .  1J 

A.  MOBILE  CUSTOMERS .  13 

1.  Ship  Movement .  13 

2.  In  Port  Duration .  Id 

o.  MATERIAL  REQUIREMENTS  AND  PROCESSINU .  25 

1.  Historical  Demand  Fils .  25 

2.  Data  3  ~>e  Establishment .  2d 

3.  Data  Ex  raction .  2d 

4.  Sample  Size .  29 

5.  Data  Reduction .  30 

o.  Bundle  Preparation  Time .  31 

7.  Mail  Time  per  3undle .  37 

3.  Number  of  Requisitions  per  3unile .  38 

9.  Requisition  Priority .  3a 

10.  Process  Times .  40 

11.  Quantity  per  Requisition .  41 

12.  Height  per  Requisition .  42 

III.  SIMULATION .  44 

A.  GENERAL .  44 

3.  PROGRAM  DESCRIPTION .  44 

1.  Detailed  Analysis .  45 

2 .  Seeds .  4a 

3.  Equilibrium  Determination .  4/ 

4.  Shipping  Strategies .  4d 

5.  Measures  of  3f f octiveness .  4d 

C.  RESULTS .  48 


5 


IV 


DISCUSSION  AND  CONCLUSIONS 


51 

A.  DISCUSSION .  51 

a.  CONCLUSIONS .  5n 

Appendix  A:  SHIPS  INFORMATION  BULLETIN .  5b 

Appendix  3:  FORTH  AN  PROGRAM  ANGiDATA .  57 

Appendix  C:  FORTRAN  PROGRAM  ANGfDATI .  58 

Appendix  D:  SIMSCRIPT  PROGRAM  ANGS5IM .  60 

Appendix  E:  CASE  II  CHANGES .  63 

Appendix  F:  CASE  III  CHANGES .  80 

Appendix  G:  CASE  IV  CHANGES .  81 

Appendix  U:  DETAILED  RESULTS .  86 

LIST  OF  REFERENCES .  87 

INITIAL  DISTRIBUTION  LIST .  88 

LIST  OF  FIGURES .  7 

LIST  OP  TAJLSS .  3 


6 


LIST  OF  FIGURES 


Vessel  Schedule . 

Auxiliary  Amunition  Transition  Matrix.... 
Auliliary  Replenishment  Transition  Matrix 

Auxiliary  Refrigerated  stores  Matrix . 

Auxiliary  Repair  Transition  Matrix . 

Mine  Sweeper  Ocean  Transition  Matrix . 

Historical  Demand  Record  Format . 

A2  24  Bundle  Inter-preparation  Histogram. 
AS  28  3undle  Inter-preparation  Histogram. 
Shipments  7S  Waiting  Time . 


LIST  OF  TABLES 


1.  Local  Vessel  Demand  Data . 

2.  In-port  Frequency  Data . 

V  Relative  Frequencies  Of  Inter-preparation  Time 

L.  Probabilities  Of  Requisitions  Per  Bundle . 

5.  Averaged  Results . 


fiscal  year  1976,  seventeen  vessels  represented  those  local 
customers  whose  transoortat  ion.  lest  illations  varied 

significantly.  Hany  more  than  seventeen  ships  are 
noaeported  in  the  Say  Area.  Howe'er,  the  other  vessels, 
when  present,  always  berthed  at  the  same  location.  Thus, 
their  delivery  distance  requirements  were  Known.  The 
seventeen  mobile  customers  include: 

Tight  Auxiliary  Ammunition  Vessels  (AS's), 

Three  Auxiliary  Refrigerated  and  Stores  Vessels  (AFS's)  , 
Three  Auxiliary  Oiler  and  Replenishment  Vessels  (AOR's), 
Two  Mine  Sweeper  Ocean  Vessels  (.ISO's), 

One  Auxiliary  Repair  Vessel  (AR)  . 

Table  1  is  a  statistical  review  of  all  vessels 

requisitions  as  documented  in  the  Historical  Demand  File  at 
USC  Oakland  from  September  1977  to  September  1973.  It 
amplifies  the  relative  significance  of  vessel  support  on 
ooth  a  local  and  global  level.  Those  vessels  marked  by  a 

berthed  at  more  than  one  location  in  the  bay  area  during 

the  year . 
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Table  No. 

U  LOCAL 

VESSEL  DEMAND 

DATA 

FROM  J/7 

j  TO  9^78 

SHI? 

NUMBER  OF 

NUMBER 

OP  PERCENT  OF 

PERCENT 

CLASS 

VESSELS 

DEMANDS 

LOCAL 

GLOBAL 

CV 

2 

333  59 

12.9269 

3. 8635 

DD 

i 

24  13 

.  3742 

.1118 

PF 

3 

224  81 

3.  4862 

1.0420 

ss 

1 1 

186  22 

2.3873 

.863  1 

LKA 

1 

4  1  16 

.  6  383 

.1908 

WHEC 

5 

4623 

.7177 

.2145 

WP3 

5 

4  26 

.9661 

.0197 

AE* 

8 

464  22 

7.  1989 

2.1516 

APS* 

3 

46425 

7.1993 

2.1517 

AOR* 

3 

251  94 

3.9069 

1  .  1677 

AR* 

1 

35767 

5 . 54  66 

1 .6577 

SS  0  * 

2 

3926 

.6088 

.  1820 

TOTALS* 

17 

157734 

2  4.46  00 

7.3106 

TOTALS 

45 

293779 

45. 5576 

13.6160 

The  seventeen  mobile  ships  represented  24.45  percent  of 
NSC  Oakland's  local  business  as  shown  in  Table  1.  The  ships 
in  this  group  were  found  to  change  location  from  as  few  as 
four  to  as  many  as  eighteen  times  in  a  one  year  period  (It 
should  be  noted  that  trips  in  which  vessels  returned  to 
their  place  of  departure  were  not  included)  .  A  mobile 
customer  located  at  NSC  Oakland  today  may  be  found  tomorrow 
at  the  Naval  Weapons  station  Concord,  some  thirty-three 
miles  away.  Thus,  over  a  short  period  of  time, 
transportation  requirements  may  materialize  or  disappear. 
Such  fluctuations  have  had  a  significant  impact  on  the  3ay 
Area  Local  Delivery  (3ALD)  system  which  transports  material 
from  NSC  Oakland  to  these  ships. 
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II.  SUMPTION  5  AND  PARAMETER  2 VALUATIONS 


Exact  identification  and  quantification  of  all 
simulation  parameters  and  variables  is  not  only  a  formidable 
task  but,  in  general,  an  impossible  one.  It  is  apparent 
that  any  process  complex  enough  to  warrant  computer 
simulation  will  also  ceguire  simplifying  assumptions.  In 
the  interest  of  realizing  a  viable  finding  within  a 
constrained  time  period  and  with  limited  assets,  numerous 
suppositions  were  required.  Whenever  possible,  each  premise 
has  been  analytically  nr  logically  justified  in  the 
following  subsections. 

A.  MOBILE  CUSTOMERS 

The  vessel  movement  lata  analyzed  was  extracted  from 
fifty-four  weekly  Ships  Information  Bulletins  (NASUPPACT-30) 
published  oy  the  Naval  Support  Activity,  Treasure  Island, 
San  Erancisco,  California.  Appendix  A  is  an  example  of  one 
such  bulletin. 

Figure  1  is  a  graphical  representation  of  the  operating 
cycles  of  the  seventeen  port-mobile  vessels  for  fiscal  year 
1978.  It  is  the  basis  of  the  vessel  mobility  section  of  the 
simulation. 

1 .  Sh^E  Moy° n en t 

Ship  movement  between  local  Bay  Area  ports  was 
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assumed  to  be  a  Markov  Process.  As  a  consequence,  knowledge 
of  past  movements  of  a  vessel  will  not  chance  tue 
probability  of  moving  from  one  location  to  another  or, 
stated  differently,  the  system  is  memory  less  and  will  not 
modify  future  behavior  because  of  knowledge  of  past  aovment. 
Thus,  a  stochastic  matrix  of  the  transition  process  from  one 
location  to  another  was  constructed. 

Since  ships  of  the  same  class  (for  example, 
Auxiliary  Ammunition  Vessels)  are  operationally  funded  at 
the  same  level,  operate  with  similar  life  cycles,  perform 
the  same  mission,  and  are  manned  at  the  same  compliment; 
ship  movements  were  aggregated  by  class  and  Markov  chains 
were  developed  for  each  class. 

Figures  2,  3,  4,  5,  and  6  show  the  matrices  for  each 
ship  class.  They  were  developed  ov  first  identifying  the 
ports  visited  by  each  ship  class.  Those  ports  were  then 
annotated  on  the  left  vertical  and  top  horizontal  sides  of 
the  class  matrix.  next,  these  vessels'  movements  (Figure  1) 
were  annotated  in  the  matrix  as  follows:  a.  The  initial 
location  of  a  vessel  was  identified  on  the  left  vertical 
side  of  the  matrix;  b.  The  location  that  this  vessel  next 
moved  to  was  then  noted  at  the  top  horizontal  side  of  tie 
matrix;  c.  A  check  mark  was  then  entered  within  the  matrix 
based  on  these  two  locations.  This  procedure  was  then 
repeated  using  this  ship's  new  location  as  the  left  vertical 
starting  port  of  the  matrix.  When  all  the  vessel  movements 
within  a  class  had  been  processed,  the  probabilities  of 
movement  from  one  location  to  another  were  determined  across 
each  row  of  the  matrix  by  dividing  all  elements'  values  (sum 
of  a  group  of  check  marksi  in  a  row  by  the  total  row  sum. 

If  one  were  interested  in  determining  the 
probabilities  where  a  AF3  would  be  expected  to  move  given  it 
is  at  Alameda,  Figure  J  would  be  utilized.  Starting  with 
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SiS  Alan  on  "he  left  vertical  side  one  would  move  along  this 
row  and  note  that  there  is  a  sixty  percent  chance  of  going 
to  MSC  Oakland  or  a  forty  percent  chance  of  deploying. 

2 .  In  Pori  Duration 

It  was  assumed  that  in-port  duration  times  were 
independent  of  ship  type,  but  were  a  function  of  their 
associated  location.  Thus,  these  times  were  aggregated  by 
location  and  pcobabil ist ic  distributions  were  assigned.  It 
should  oe  noted,  that  a  scarcity  of  data  and  difficulties  in 
fitting  this  data  has  resulted  in  some  uncertainty  about 
these  distributions. 

If  a  ship  was  conducting  local  operations  and 
returned  to  its  departure  location,  it  was  considered 
located  at  that  port  for  the  time  period  under 
investigation.  However,  if  a  vessel  departed  and  returned 
to  another  local  port,  the  time  in  local  transit/operations 
was  included  in  the  arriving  location  calculation.  These 
time  periods  were  included  in  the  in-port  computations 
because  it  was  assumed  that  material  not  delivered  prior  to 
a  vessels  departure  would  be  delivered  to  the  vessels  "new" 
location,  and  any  material  requirements  received  for  an 
underway  vessel  would  be  sent  to  the  "new"  port.  Also,  if  a 
vessel  departed  from  a  location  and  did  not  return  to  a 
local  port  within  sixty  lays,  it  was  assumed  that  it  was  on 
a  eight-month  deployment  to  the  Western  Pacific. 

The  following  results  represent  the  number  of 
in-port  periods  contained  in  each  time  interval  and  is  a 
general  overview  of  the  time  frequency  results.  The  in-port 
time  interval  corresponds  to  a  cell  in  table  2.  In-port 
time  intervals  were  determined  by  first  calculating  the 
in-port  time  periods  for  all  vessels  which  visited  each 
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Time 


port.  These  periods  were  then  sorted  by  port, 
interval  (ceils)  were  next  selected  which  would  result  in 
approximately  five  in-port  duration  observations  per  cell. 
Due  to  the  extreme  spread  of  the  data  it  was  not  possible  to 
display  the  complete  cell  data  for  all  ports.  In  some  cases 
so  few  data  points  were  available  that  the  above  procedure 
could  not  be  done,  and  these  cases  were  ommited  from  the 
Table.  In  other  cases  extreme  values  were  observed  which 
were  more  than  double  the  next  largest  value.  These  values 
were  in  general  considered  outliers  and  were  truncated  from 
the  data  set . 

For  example,  the  in-port  durations  for  NAS  Alameda 
were  calculated  utilizing  Figure  1.  They  were  then  ordered 
and  analyzed.  The  data  was  segmented  into  two  groups. 
Table  2  shows  the  first  three  ceils  of  this  segmentation. 
In  this  case,  each  cell  represents  four  days.  The  remainder 
of  the  distribution  was  also  observed  to  oe  uniform  (no 
significent  upward  or  downward  trends)  and  they  ranged  from 
twenty-seven  to  one-hundred  and  twenty-nine  days. 


Table  No_.  IMPORT  SN  C£  DATA 


POST 

CELL  1 

CELL  2 

CELL 

AL  AH2D A 

5 

4 

5 

MARE  IS 

6 

5 

5 

OAKLAND 

6 

5 

CONCORD 

7 

4 

2 

TREASURE  IS 

6 

5 

5 

DEPLOYED 

3 

7 

These  results  are  presented  as  a  partial  explanation 
of  the  subjective  determination  of  the  in-port  time 
distributions.  Upon  completion  of  the  inter-departure  time 
analysis,  probabilistic  distributions  were  assigned  by 
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geographic  location  as  follows: 

a.  Naval  Station  Alameda:  The  in-port  time  is 
uniformly  distributed  between  four  and  seventeen  days  with 
probability  0.5,  and  uniformly  distributed  between 
twenty-seven  and  one  hundred  twenty-nine  days  with 
probability  .5. 

b.  Naval  Weapons  Station  Concord:  The  in-port  time 
was  found  to  be  exponentially  distributed  with  th®  parameter 
equal  to  . Oo  12. 

c.  NSC  Oakland:  The  distribution  was  found  to  be 
uniform  between  nine  and  fifty-six  days. 

d.  Naval  Station  Treasure  Island:  The  in-por*-  time 
is  unitormly  distributed  between  three  and  seventy-eight 
days. 

e.  San  Francisco  Shipyard:  The  maintenance  time  was 
seven  days  witn  a  .65  probability,  or  was  two-hundred-forty 
days  with  a  .35  probability. 

f.  Todd  Shipyard  (Alameda):  The  time  distribution 
was  found  to  be  uniform  from  thirty-eight  to  eighty-four 
days. 

g.  Bethlehem  Steel  Shipyard  (San  Francisco)  : 
Maintenance  periods  were  either  thirty  or  one-hundred-®ighty 
days  with  equal  probability. 

h.  Triple  A  Shipyard  (San  Francisco)  :  In-port 
time  was  found  to  be  seven  days. 

i.  Merritt  and  Pacific  Shipyards  (Oakland) 
Maintenance  time  was  forty-four  days  for  both  locations. 
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j.  Mare  Island  Naval  Shipyard:  The 

periods  were  uniformly  distributed  between 
twenty-eight  days  with  probability  .668  or 
distributed  between  forty-three  and  ninety-one 
.332  probability. 


maint  enance 
three  and 
uni  formally 
days  with  a 


k.  Deployed:  The  time  in  this  category  was  assumed 
to  be  uniformly  distributed  between  fifteen  and  sixty  days 
with  probability  .65,  and  was  two  hundred  and  forty  days 
(eight-month  deployment  to  the  Western  Pacific)  with 
probability  .35. 


19 


'Af 


KELULL 


1  ■  A  /  AI 
AIR 
3  TAT 

■T  „  rt.  . 


3  AN 


:OCC 


"  ^  r' 


3  AN" 
FRAN" 


: .  :cc 


cc 


AY  AL 


.1111 


MERRITT 


CAX 


I.OCCO 


?  A^ 
TRY 
:ak 


l.COCO 


3  SPLIT 


ccc 


Figure  6  - 


MINS  SS2EPSH  OCEAN 


TRANSITION  MATRIX 


24 


a. 


MATERIAL  REQUIREMENTS  AND  PROCESSING 


The  material  requirements  and  distribution  processes 
experienced  by  NSC  Oakland  were  reduced  to  a  series  of 
inter-related  functions.  The  criteria  for  this  breakdown 
was  twofold:  first,  the  function  must  be  estimatable;  and 
second,  only  realistic  processes  were  considered. 

Suosequent  paragraphs  discuss  the  various  assumptions 
and  procedures  undertaken  to  quantify  the  inter-linking 
segments  of  tne  material  pipeline  under  investigation. 


1.  Hie.to£ica]L  Diaand  File 

Numerous  mechanized  data  bases  were  available  at  NSC 
Oakland.  However,  after  a  detailed  evaluation,  it  was 
decided  that  the  Requisition  Demand  History  File  (RDHF) 
would  provide  the  most  useful  data.  The  Requisition  Demand 
History  File  is  a  readily  available  mechanized  file 
encom pas  sing  transactions  from  two  fiscal  years.  Figure  7 
depicts  the  standard  format  of  the  file's  five  possible 
one-hundred  character  records.  These  records  will  be 
discussed  below.  This  file  is  composed  of  those  material 
actions  (requisitions)  which  have  been  transferred  from  the 
Requisition  Status  File  because  of  their  historical 
significance.  Both  the  Requisition  Status  File  and  tne 
Requisition  Demand  Histocy  File  are  composed  of  records. 
The  initial  basic  entry  which  estaolishes  the  record  is  a 
requisition  and  other  pertinent  data  is  subsequently  added. 

A  record- by-r ecor d  scanning  of  the  Requisition 
Status  File  is  conducted  to  determine  which  records  should 
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be  retained  because  of  their  historical  vilue.  The 
following  decision  panmeters  represent  the  significant 
catagones  of  records  which  are  transferred  to  the  RDHF[  11]: 

I 

a.  Requisitions  issued  with  and  without  proof  of 
,  shipment  as  follows:  (1)  if  the  record  has  been  in  the  file 

sixty  or  more  days,  without  proof  of  shipment,  a  Record  Type 
four  is  assigned;  (2)  if  the  record  has  been  in  the  file 
sixty  or  more  lays  with  proof  oc  delivery  and  the  issue 
group  is  one  or  *wo,  a  Record  Type  one  is  assigned;  (3)  if 
the  record  has  been  in  the  file  thirty  days  or  more  with  a 
proof  of  shipment  and  ’-he  issu-1  group  is  three,  a  Record 
Type  one  is  assigned. 


b.  Those  records  with  in  e 

xception  supply 

stat  us 

i 

(re  jecte 

d/canceled)  as  follows: 

(1 )  requisitions 

in 

the 

file  for 

sixty  or  more  lays  and  and 

in  issue  group 

o  ne 

or 

U 

two  are 

assigned  Type  Code  five; 

(2)  requisitions 

in 

the 

file  for 

thirty  or  more  days  and  in 

issue  group  three 

are 

ass lg  ned 

a  Type  Code  five. 

c.  Records  which  indicate  the  item  was  sent  to 
purchase  as  follows:  (1)  if  the  record  has  been  in  *-he  file 
ninety  or  more  days  without  purchase  order  data  and  is  in 
issue  group  one  or  two,  or  if  the  record  has  been  in  the 
file  thirty  days  or  more  withou*-  purchase  order  data  and  is 
in  issue  group  three,  a  Type  Code  three  is  assigned;  (2)  if 
the  record  has  been  in  the  file  sixty  days  or  more  with 
purchase  order  data  and  the  associated  issue  group  is  cne  or 
two  or  ir  the  record  has  been  in  the  file  for  thirty  days  or 
aor e  and  the  issue  group  is  three,  a  Type  Cole  of  two  is 
assigned . 
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Data  Duse  Establishment 


Eight  standard  Libeled  TRfl  tipes  were  obtained  from 
NSC  Oakland.  riin.se  tapes  were  generated  from  the  ROHF  and 
they  contained  all  material  transactions  from  September  1, 
197a  to  August  30,  1977.  Over  two  million  records  were  on 
these  tapes.  The  transactions  encompassed  local  material 
issues,  demands  for  material  not  stocked  at  NSC  Oakland, 
inter-depot  transfers  of  material,  and  local  procurements. 
The  customers  creating  the  majority  of  these  demands  for 
material  were  located  worll  wide  and  numbered  over  eiaht 
thousan  1. 

As  only  data  for  local  customers  was  desired, 
numerous  extraction  programs  were  developed.  The  resulting 
data  base  contained  only  issues  from  stock  for  local 
customers,  includinu  local  procurements.  Nuch  of  the 
purification  (duplicate  records  were  discovered)  and 
extraction  of  this  data  was  conducted  with  the  assistance  of 
N.  3.  Nelson,  LCDR,  SC,  OSN,  a  fellow  student  at  *-he  Naval 
Postgraduate  School.  Upon  completion  of  this  reduction 
approximat  el  y  600,000  records  (four  tapes)  remained  and.  it 
was  from  this  base  that  the  vessel  data  was  developed. 

3.  Data  gxtr  act  ion 

Those  data  elements  actually  extracted  for  further 
analysis  were  common  to  all  file  records  and  in  the  same 
data  fields.  Specifically,  the  data  fields  used  were  as 
follows:  a.  the  document  number’s  unit  identification  code 
(UIC)  and  date;  b.  the  date  recoive.j;  c.  the  supply 
action  date;  e.  "he  quantity;  and  t.  the  priority. 


ANGlDATA 


Th-a  Appendix  8  program,  ANGlDATA,  extracted  those 
records  from  the  local  customer  transactions  data  base  which 
met  the  following  conditions: 

a.  Only  those  records  of  the  previously  identified 
mobile  customers  were  considered. 

b.  Of  the  above  records,  only  those  records  which 
the  supply  status  code  indicated  that  material  had  been 
locally  issued  were  actually  extracted  (supply  status  code 


Each  data  record  which  meet  the  above  criteria,  was 
also  coded  to  facilitate  the  identity  of  its  owner  and  tna 
owner's  ship  class. 


4 .  Sample  Size 


In  most  cases  the  entire  data  base  was  used  in  the 
determination  of  the  simulation  parameters.  The  quantity, 
submission  time,  and  process  time  parameters  (as  described 
later  in  this  chapter)  were  the  only  varibles  in  which  a 
sample  was  intentionally  taken.  This  action  was  due  to  the 
limited  memory  space  available  for  the  execution  of  the 
POSTS AN  program  AN G$ Dat 1  and  to  keep  the  requirements  down 
to  reasonable  values  so  that  the  required  data  runs  could  be 
made.  In  another  case  (Issue  Group  One  priorities)  a 
smaller  sample  size  resulted  because  its  occurrance  was  very 
scarce. 

Tchefcychef f ' s  Theorem  of  Inequality  [12]  was 
utilized  to  determine  sample  size  because  normality  could 
not  be  assumed  to  describe  the  underlying  population. 

Since  it  was  desired  that  the  sample  mean  would  be 
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within  one  fifth  of  a  standard  deviation  of  the  true  mean 
with  a  probability  of  at  least  O.^S,  a  sample  site  of  500 
was  selected  whenever  possible. 

5 .  Data  Se^u^t 103 

The  FORTRAN  program  which  begins  the  data  analysis 
required  for  the  simulation  model  is  AN0SDAT1,  Appendix  C. 
Numerous  data  arrays  were  developed  for  further  analysis,  as 
f ollows: 

a.  TotaL  daily  requisitions  submitted  by  each 
customer  were  represented  by  a  matrix  (Jt>5x1?) .  The  1o5 
dimension  is  tne  day  0:  the  year  the  requisition  was 
prepared,  and  the  17  dimension  represents  the  seventeen 
vessels  under  consideration .  Quantities  within  the  matrix 
were  the  actual  number  of  requisitions  prepared  on  a 
specific  day  by  a  particular  vessel  (we  will  call  this  a 
requisition  bundle)  .  Tate  differences  for  a  given  customer 
within  this  matrix  will  be  called  the  "inter-preparation 
times"  for  the  bundles  shown. 

b.  From  the  quantity  field  of  the  first  500 
requisitions  per  local  customer  another  matrix  (500x17)  was 
developed.  This  was  done  because  the  data  base  was  random 
by  customer  and  the  quantity  was  assumed  to  be  independent 
of  the  ship's  location  and  time.  The  500  dimension  in  this 
data  array  corresponds  to  the  sire  ot  the  sample,  and  the 
seventeen  dimension  again  represented  those  vessels  under 
consideration.  The  actual  data  elements  in  the  matrix  were 
the  juantities  ordered  pec  requisition. 

c.  Submission  time  data  for  bandies  of  requisitions 
was  also  considered  independent  of  the  vessel  or  its  class, 
and  thus  only  one  sample  of  ‘'OO  inter-arrival  tim**s  was 
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extracted  by  selecting  every  one-hundred  and  eightieth 
requisition.  Its  value  was  computed  by  subtracting  the 
document's  date  of  preparation  from  the  date  of  the 
document's  receipt.  This  action  was  considered  appropriate 
since  groups  of  requisitions  were  modeled,  and  it  was 
assumed  all  requisitions  ready  for  submission  wouLd  be 
submitted  together. 

d.  The  process  time  for  a  requisition  was  modeled 
as  being  dependent  on  the  Issue  Group  of  the  requisition. 
This  parameter  was  computed  by  subtracting  the  document's 
receipt  date  from  the  document's  ready  for  shipment  date, 
and  was  arranged  into  a  matrix (500x3) .  The  SOI  dimension 
was  the  sample  size,  and  the  three  dimension  represents  the 
Issue  Group.  Individual  data  elements  corresponded  to 
process  times  per  requisition  priority  by  NSC  Oakland. 

.  bundle  Preparation  Time 

Appendix  0,  ANGSFHIS,  is  the  FORTRAN  program  which 
differenced  tthe  document  number  dates  as  recorded  in  the 
inter-orepar ation  time  matrix  and  utilized  the  standard 
library  routine  HISTG  to  produce  a  listing  of  the  relative 
frequencies  of  times'  from  one  to  nine  days  for  each 
customer . 

Analysis  of  this  data  revealed  a  significant 
similarity  of  the  output  by  vessel  class.  Figures  8  and  d, 
and  Table  3  illustrate  this  similarity.  Note  the  small 
values  for  the  standard  deviations  of  the  relative 
frequencies  at  the  bottom  of  Table  3.  Because  the  relative 
frequencies  were  so  alike,  the  vessels  were  grouped  by  class 
in  this  and  all  other  vessel  dependent  parameter 
eva luations. 


31 


lAklii  No..  !•_  SSkAIliS  SHEi 

II 

TIMES  BETWEEN  BUN 


AS 

1 

> 

3 

4 

22 

.51 

.  19 

.  14 

.OS 

24 

.  54 

.  15 

.  1  1 

.09 

25 

.  42 

.  20 

.  10 

.  10 

2  o 

.  53 

.  IS 

.09 

.09 

29 

.  53 

.  20 

.  1  1 

.  OS 

32 

.  56 

.  13 

.  14 

.07 

33 

.  40 

.  14 

.  OS 

.08 

J  5 

.53 

.  1b 

.  1 1 

.  1  0 

A  V  E 

.  5  1  o 

.  175 

.112 

.085 

•>  1 
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T  STE3-F32PAa  AT  ION  HISTCJKA? 


3a 
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Upon  completion  of  the  class  pooling  of  the  data 
several  probabilistic  J  istr  ibuti  oi  s  w<=re  examined  for 
applieabili * v.  Since  the  histograms  were  exponentially 
saaped  this  was  the  first  d  istr  ibut  ion  tested.  The  inverse 
of  the  mean  value  was  used  as  the  exponential  parameter. 
However,  this  hypothesis  failed  the  chi-square  goodness  of 
fit  test  at  the  five  per  cent  level. 

Next  an  attempt  was  made  to  fit  a  geometric 
distrioution  to  the  data.  Inter-preparation  tia^s  were 
measured  in  the  data  base  by  one  day  increments.  Therefore, 
geometric  parameters  were  establisnei  oy  assuming  that  if  a 
bundle  was  prepared  witnin  one  day,  there  were  zero  days  in 
which  a  bundle  was  not  prepared.  *e  will  denote  ?  as  the 
probability  of  a  bundle  being  prepared  in  one  day.  However, 
if  an  actual  bundle  required  two  days  to  prepare,  then  we 
will  assume  that  there  was  one  day  in  which  a  failure 
occurred,  i.e.  no  bundle  preparation,  and  then  a  success. 


If  a 

bundle  required 

three  days 

to  prepa  re ,  we  wi 

11  assume 

there 

were  two  failure 

s,  i.  e.  day 

one  and  day  two 

with 

no 

bundle 

preparations , 

and  then  a 

success;  and  so 

on . 

This 

results  in  a  classical  distribution  with  the  following 
probability  mass  function: 

x 

f  (X)  =  P(t-P)  for  x  =  0,1,2,... 

where, 

x  =  the  number  of  "failures"  prior  to  a  success 

P  =  the  probability  of  a  success 

Unfortunately  this  distribution  also  failed  to  fit 
the  data,  ai-hougn,  it  did  provide  a  better  chi-square 
statistic  than  did  the  exponential  distr ibution. 


A  coibmition  of  two  distributions  was  attempted 
next.  The  author  considered  this  approach  because  there  was 
a  strong  possibility  that  any  single  distribution  would  be 
overwhelmed  by  the  inter-preparations  of  one  day.  The 
hypothetical  ocobabilist  ic  distribution  was  constructed  as 
follows: 


1.  Inter- preparat ion  da ta  of  one  day  was  separately 
modeled.  Therefore,  the  probaoility  of  a  bundle  preparation 
occurring  within  one  day  was  equal  to  "P  " . 


2.  Tne  remaining  data  was  assumed  to  be  geometric 

and  the  probability  of  preparing  a  Dandle  in  two  lavs,  "P  ", 

*  j 

was  computed  from  the  remainder  of  the  data. 


The  detailed  derivation  of  the  above  distribution 


follows: 


f(X)  =  < 


P  for  x  =  0 

i 


C?2  (1  -  ?a)  x  =  1,2,..., 


•here. 


F  =  probability  of  a  bundle  preparation  during 


the  first  day 

?  =  probaoility  of  a  bundle  preparation  in  two  days 

f (X)  =  probability  density  function 
x  =  number  of  days  with  nc  bundle  preparations 


do 


i 


L 


General  solution  for  C: 


n  x 

P  ♦  ZZ  CP  (i  -  ?  )  =1 

i  x  =  i  2  2 

n 

CP  (1  -  Pi  (  1  -  P  )  =  1  -  P 

2  2  X  =  0  2  t 

n _  x 

^  (1  -  ?  i  =  1/P  if  0  <  (1  -  ?  )<1 

X  =  0  2  2  2 

therefore 

c  =  (1  -  P  )/(1  -  P  )  . 

The  Chi-square  statistic  at  the  five  per  cent  level  of 
significance  and  with  nine  degrees  of  freedom  is  16.92.  One 
would  accept  this  hypothesis  if  the  computed  statistic  is 
less  than  or  equal  to  16.92.  The  computed  statistics  for  AE 
class,  AFS  class,  AOS  class,  d30  class,  and  AR  class  vessels 
nere  respectively  7.544,  10.917,  19.419,  11.450,  and  36.57. 

The  hypotnesis  that  the  distribution  fits  the  data  is 
acceptable  in  three  of  the  five  classes.  The  AR  class, 
which  had  the  largest  error,  was  aiso  the  smallest  in  sample 
sice  (  only  one  ship  was  in  the  sample  )  .  Thera  were  three 

vessels  in  the  other  group  which  did  not  pass,  however  the 
smallest  value  was  generated  by  the  largest  sample. 

It  is  concluded  that  this  developed  distribution  was 
an  acceptable  simulation  tool  for  the  determination  of 
bundle  inter-preparation  times.  The  variable  names 
43. 1  UNDUE. IS  TER. ARRIVAL,  AFS . 1 UMDLE. INTER. ARRIVAL, 

40  R. 1UNDLE. INTER. ARRIVAL,  MS  0 . 1UN3L3. INTER. ARRIVAL,  and 
AF.  UNO!  E.  INTER.  ARRIVAL  apply  in  the  simulation. 

7.  -lail  lili  Bundle 

The  inter- arri val  time  listrioution  for  bundles  sent 
by  local  vessels  to  N32  Oakland  was  modeled  as  being 


influenced  only  by  the  U3  Postal  Service  and  as  such  was 
independent  of  both  the  vessel  class  and  the  Material 
requirements. 

This  distribution  was  tested  using  the  Chi-Square 
goodness  of  fit  test  and  was  found  to  be  exponential  with  a 
mean  of  3.386  days  at  both  the  five  per  cent  and  the  one 
percent  levels  of  significance.  It  was  assigned  the 
variaole  name  HAIL. TIMS  in  the  simulation. 

3.  huaber  of  Requisitions  per  aundlq 

Ail  the  following  d istr io it io ns  developed  and 
iaplimented  in  tne  simulation  are  empirical,  except  as 
noted . 

Five  empirical  distributions,  one  for  each  class, 
were  developed  from  the  data  to  describe  the  number  of 
requisitions  per  bundle.  The  following  table  lists  the 
probabilities  or  failing  in  the  ranges  shown  based  on  those 
distributions  bv  ship  class: 


Table  SOi  |t  PROBABILITIES  OF  REQUISITIONS  PER  BUNDLE 


Class  Number  of  Requisitions 


0-10 

11-20 

21-30 

3  1  -40 

41-50 

5  1-60 

61-70 

71- 

AE 

.54  1 

.  172 

.078 

.  062 

.030 

.035 

.025 

.029 

AFS 

.692 

.126 

.036 

.032 

.0  19 

.012 

.  003 

.024 

AOR 

.  478 

.162 

.108 

.  075 

.058 

.038 

.020 

.041 

AR 

.  170 

.09  1 

.125 

.0  95 

.098 

.  106 

.  07  1 

.  124 

0-5 

Number  of 

6-10  11-15 

Req  uisi  ti  ons 

16-20  21-25 

26-30 

31-35 

36- 

M50 

.  591 

.203 

.016 

.025 

.0  17 

.  030 

.  000 

.034 

Although 

r  anges 

<  ere 

used  in 

the 

above 

table 

,  all 

values  utilized  in  the  simulation  were  converted  to 
integers.  These  parameters  were  modeled  as  random  linear 
empirical  distributions  in  the  simulation.  Their 
identification  is  AE • REQ«P ER« BU ND LE  ,  AFS« REQ«? ER «B ONDLE, 
AOR«REQ»PER«BUNDLE,  A R • REO* PE R» 3U N DLE,  and 
MS O«RE0*PER« BUNDLE  respectively. 

9.  Requisition  Pr ioc it  y 

A  probability  distribution  foe  material  priorities 
was  determined  by  calculating  the  percent  of  requisitions 
which  were  in  Issue  Group  One  (priority  one  through  three), 
the  percent  which  were  in  Issue  Group  Two  (priority  four 
through  eight),  and  the  percent  which  were  in  Issue  Group 
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Three  (  priority  nine  through  fifteen).  It  should  be  not  ed 
that  the  requisition  priority  was  considered  in.l  >p«nd<>nt  of 
both  the  individual  ship  and  t  h  e  ship  class.  Thu;,  only  one 
distribution  was  developed  for  all  vessels.  This  approach 
can  bo  considered  appropriate  since  all  of  those  particular 
vessels  operate  under  the  sane  priority  i  ->  t  >  rat  i  na  t  i  an 
criteria.  It  was  developed  from  the  data  as  follows: 


The  issue  Group  Jno,  requisitions  of  priorities  I 


through  3,  were 

t  a  b  u  l  a  t 

and  only  7  2 

out 

Of  4  4 

,4  U 

.  ■  ases 

occurred.  It  was 

t  her  ef or 

v  >  ry  un  1 1  as 

5  L  Y 

that 

T  sue 

Group  One  event 

won  Id 

O  b  S*  l  V  e  1  . 

I  n 

fact. 

*  h  i  s 

event 

wouli  be  realized  only  .  V)  of  one  per  cent  of  the  time. 

Issue  Iroup  f  w  a,  priorities  •»  throuuh 
requisitions  were  found  to  be  more  prevalent,  bein 1  lu,lS7, 
and  their  probability  of  occurrence  was  computed  to  bo 

. 14  do. 

Issue  troup  Thr»>#  priorities  >  throuuh  1  '< ,  had  ‘he 
hiqhest  observed  incidence  wit!-,  a  probability  of  .44’>i. 

The  simulation  variable  for  this  parameter  is 
HEQ«  PRIO  8 1 T Y  . 

10.  liifs 

The  requisition  process  time  was  modeled  a--  being 
dependent  on  only  th>  priority  (Issue  Group)  ot  the 
requisition.  This  approach  was  considered  reasonable 
because  lifferent  Issue  Groups  are  actually  processed 
iifferently.  The  various  picking  document  -  tor  the  material 
are  expedited  to  the  warehouse  and  ai  *  colored  lit ‘ e re n 1 1 y 
for  aigh  priority  material  (Issue  Group  nu  and  l'wo)  . 


The  following  distributions  were  l>veloped  by 
subtracting  the  dat*>  of  document  receipt  at  NSC  Oakland  from 
the  date  that  the  material  was  realy  tor  shipment  in  the 
data  base. 

The  Issue  Soup  One  requisition  process  time 
cumulative  distribution  was  determined  to  be  between  0.0  and 
1.95  with  probability  .344,  between  1.9b  and  7.77  days  with 
probability  .  423  ,  and  between  7.8  and  29  days  with 
probability  .133.  It  should  be  further  noted  that  the 
number  of  usable  lata  points  was  less  than  72  for  the 
followinu  reasons:  (1)  the  original  number  of  lata  points  in 
this  Issue  Croup  was  only  72,  (2)  entries  in  the  data  base 
were  discovered  which  showed  that  certain  requisitions  had 
been  shipped  prior  to  receipt  of  the  requisition,  (3)  other 
date  errors  occurred  ;  for  example,  several  requisitions 
showed  that  over  300  days  were  used  in  the  processina  time. 
These  types  of  errors  also  occurred  in  the  other  Issue  Group 
data  bases  and  were  also  ionored  in  the  distribution 
com  putat ions . 


The 

Issue 

G  rou  3 

Two 

process  time 

c  urn  u la  t i ve 

distr ibution 

was 

also 

b-3  t  we^n 

zero  and  1.2 

days  with 

probability  . 

5,  between  1 

.  3  and 

14.3  days  with 

proba bi lit  y 

.42,  and  between  14. u  and  38  days  with  a  .08  probability. 

The  process  time  for  Issue  Group  Three  requisitions 
was  between  zero  and  1.2  days  with  probability  .5o,  between 
1.2  and  15.5  days  with  probability  .395,  and  between  15.5 
and  38  days  with  probability  .045. 

11.  iuantitv  oer  3ej i is  it io n 

Since  requ is i‘ ions  for  material  may  be  a  request  for 
more  than  one  of  an  item  ,  the  appropriate  fiJll  in  th»  lata 


action  date; 


he  quantity;  and  t. 


the  pr ior it  v . 


e  . 


base  was  utilized  to  evaluate  the  process.  It  was  assumed 
that  the  various  quantities  ordered  per  requistion  woull  be 
dependent  or.  the  vessel  class.  Thus,  five  cumulative 
distribut ions  were  developed. 

Those  quantities  expected  tor  an  AE  class  vessel 
were  found  to  be  between  one  and  five  with  probability  .t>08, 
between  six  and  ten  with  probability  .238,  and  between  11 
and  lod  with  a  .154  probability. 

The  other  vessel  class  distributions  were  modeled 
with  the  same  uniform  ranjes  but  differing  probabilities. 
In  the  APS  class,  the  probabilities  are  .575,  .171,  and 
.25  3  respectively.  the  o r o babi lit ies  for  the  AOK  class  are 
.o12,  .lot,  and  .227;  for  the  dSO  class  .557,  .143,  and 
.298;  and,  for  the  A3  class  ,49t>,  .  1b4,  and  .340 
respecti vely. 

12.  SReiqht  oer  Requisition 

That  data  required  for  the  parameter  determination 
of  this  attribute  was  not  available.  However  the  author 
assumed  a  classical  exponential  distribution  with  in 
expected  value  of  two  pounds  per  each  item.  The  mean  weiuht 
par  requisition  generated  by  this  simulation  was  1  •’ 3  pounds. 
Hernandez  and  JalLitz  [3]  stated  taat  23,o8o,1o8  pounds 
(fiscal  year  1975)  ,  and  2o,905,oo2  pounds  (fiscal  year  1*970) 
of  material  were  delivered  by  the  BALD  system.  T:\is  equates 
to  an  average  of  "*3  pounls  per  regulation  and  o4  pounds  per 
requisition  respectively  (assuming  that  th^r-1  was  not  a 
sigmficent  change  in  the  total  number  of  requisitions  per 
yjjr  from  1973).  observations  by  this  author  at  the  PAhD 
shipping  and  delivery  points  revealed  that  it  was  uncommon 
to  witness  a  full  trur<  load  shipped.  In  facfc  most 
shipments  wer°  only  one  pallet  Lev-jl  high,  yet  statistically 


full  truckload  weights  were  recoriel  on  the  shipment 
records.  Because  of  this,  it  was  suspected  that  the  weights 
[12]  are  overstated. 

It  is  therefore  concluded  that  the  parameter  of  two 
pounds  chosen  for  the  mean  of  the  distribution  was  too 
large.  Thus,  the  actual  number  of  shipments  made  was 
selected  at  a  proxy  measure  of  effectiveness  for  this 
variable.  Resultant  outputs  from  this  assumption  have  not 
been  included  in  th-*  results  section  of  this  thesis. 


III. 
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A.  OENERAb 


SIS  SCRIPT  II.  5  is  a  language  particularly  suited  to 
discret e-eve nt  step  simulations.  It  has  been  designed  to 
facilitate  the  simulation  of  large  complex  systems  with  a 
minimum  of  effort  in  programming,  designing,  and  testing  the 
model . 

It  is  not  the  intent  of  this  paper  to  discuss  the 
details  of  t.ois  unique  programming  language,  and  anyone 
desiring  to  examine  it  in  depth  should  refer  to  references  1 
and  13  . 

3.  PRO'dRA.I  DESCRIPTION 

The  modeling  of  that  segment  of  the  3  A  L.D  system  impacted 
by  the  random  movement  of  vessels  between  various  ports  was 
developed  by  considering  two  major  series  of  events. 

First,  the  vessel  movements  were  mo  leled  using  the 
previously  discussed  parameters  and  techniques.  This  series 
of  avents  deals  primarily  with  vessel  movemen*-  impacts  on 
the  ultimate  destination  of  shipped  material.  This  series 
also  removes  material  from  a  "old"  shipping  queue  and 
relocates  the  material  in  the  appropriate  "new"  shipping 
queue  corresponding  to  the  vessel's  new  location. 


The  remaining  series  of  events  recreates  the  material 
processing  involved.  Their  logical  functional  order 
commences  with  the  preparation  of  a  group  of  material 
requirements.  Next,  this  group  of  material  requirements 
arrives  at  NSC  Oakland  and  is  reduced  to  its  individual 
material  requests.  These  requisitions  then  are  scheduled 
through  the  material  processing  system  and  a  shipment 
availability  time  is  determined.  The  final  events  collect 
statistics  and  determine  the  frequency  and  the  destination 
of  the  various  shipments. 

1  •  Detailed  Analysis 

The  preamble  defines  various  system  variables, 
events,  and  entities.  Actual  execution  commences  with  the 
main  program.  It  first  assigns  user  defined  values  to  the 
permanent  entities  (ships).  This  segment  then  reads  all  the 
program  decision  variable  d istr in utions,  schedules  an 
initial  port  change  and  oundle  preparation  for  each  vessel, 
schedules  the  initial  shipments  to  each  port,  and  schedules 
the  two  one-time  events.  Stop. simulation  and  Equilibrium. 

From  this  time  on  the  SIMSCHIPT  event  step 
simulation  time  scheduling  routine  takes  over.  Events  will 
occur  as  determined  by  the  scheduling  parameters  throughout 
the  program.  The  specific  events  are  detailed  below. 

Bndle. preparation:  This  event  schedules  the  next 
bundle  preparation  for  each  vessel  based  on  the  class  of  the 
vessel.  It  then  determines  the  the  value  of  the 
number. o f. requisitions  (bundle)  and  then  schedules  an  arrival 
time  at  NSC  Oakland. 

A rri val. of . b un die:  The  temporary  entities, 
requisitions,  are  created  in  this  event.  They  are  assigned 
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all  their  attributes  (priority,  quantity,  and  customer) 
based  on  the  previously  discussed  parameters.  Then  a 
Beady  .tor  .shipment  event  is  scheduled  based  on  the 
requisition's  priority.  Finally,  the  temporary  entity 
bundle  is  destroyed  to  release  memory  space  in  the  computer. 

Change. location:  The  vessel's  new  location  is 
determined  based  on  ship  class  markov  chains.  Statistics 
are  accumulated  to  record  both  the  number  of  location 
changes  per  vessel  and  per  vessel  class.  At  this  time,  if 
this  vessel  has  any  material  in  one  of  the  port  shipping 
queues,  it  is  removed  and  put  in  the  newly  determined  port 
shipping  queue.  The  system  statistics  ace  also 
appropriately  adjusted.  Finally,  the  next  port  change  for 
this  vassal  is  schedulad  cased  on  the  vessels  current 
location . 

Read y. for . shipmeu t :  The  shipping  location  is  first 
determined,  and  the  requisition  is  filed  in  the  appropriate 
shipping  queue.  This  avant  also  may  schedule  an  immediate 
shipment  of  material  depending  on  the  decision  rules 
in  vo lved . 


Shi pment.  to:  This  event  computes  the  majority  of  , 
the  statistics.  It  also  contains  all  decision  rules  on 
shipping  strategy.  Upon  completion  of  this  event  the  next 
shipment  to  is  scheduled  for  this  port. 

2.  Seeds 


Since  the  pseulo  random  number  generator  was  seed 
dependent,  ten  seeds  were  initially  selected  and  program 
runs  were  made  to  identify  equilibrium  conditions  and 
reverify  tne  simulation's  validity.  Tae  seeds  ware  selected 
at  least  300,000  numbers  apart  to  preclude  overlapping  of 
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the  number  stream. 

In  order  to  to  evaluate  the  stability  or'  the 
measures  of  effectiveness  as  related  to  seed  changes.  Ten 
runs  (one  cun  per  seed)  were  made  with  each  decision  rule. 
It  was  noted  that  in  some  instances  the  SIMSC3IPT  program 
exceeded  the  430,000  bytes  allocated  .  Since  the  variations 
in  the  measures  of  effectiveness  (average  wait  time  and  the 
numoer  of  shipments)  were  minimal,  it  was  not  considered 
necessary  to  rerun  these  programs,  see  Appendix  H. 

3.  Squ i libr in m  Determination 

Tha  equilibrium  or  steady-state  of  the  system  is 
defined  as  a  condition  of  regularity  of  stability  in  which 
opposing  influences  are  balanced.  Thus,  it  is  assumed  that 
for  this  model  there  is  a  limiting  probability  distribution 
of  the  responses  that  is  characteristic  of  the  system. 
This  state  was  determined  by  a  method  stated  by  Tonway[5]. 
Specif icaliy ,  the  series  of  measurements  were  truncated 
until  the  first  of  the  series  was  neither  the  maximum  nor 
the  minimum  of  the  remaining  set. 

The  number  of  requisitions  shipped  to  each  port  was 
one  of  the  measurements  evaluated  in  the  above  manner.  The 
determining  port  was  N.A.S.  Alameda  and  the  time  to 
steady-state  was  two  weexs.  Inadvertently,  the  number  of 
shipment's  variable  was  not  adiusted  for  this  two  week 
period  and  a  lack  of  time  precluded  the  rerunning  of  ‘his 
computec  simulation.  Thus,  this  measure  ot  effectiveness 
was  accumulated  over  a  fifty-four  week  interval. 

A  determination  of  the  equilibrium  condition  for  the 
ship  movements  was  not  made.  The  initial  starting 
conditions  for  the  simulation  were  chosen  so  that  ‘hey  were 
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typical  of  the  steady-state  condition.  For  example,  all 
vessels  were  initially  Located  at  factual  locations,  rather 
than  positioning  them  arbitrarily  and  then  determining  the 
steady-state  condition. 

4 .  Shi  Doing  Strategies 

Four  shipping  decision  rules  were  analysed  as 
follows:  a.  CASE  I  -  all  material  ready  for  shipment  is 

shipped  daily;  b.  CASE  II  -  all  material  ready  for  shipment 
is  shipped  weekly;  c.  CASE  III  -  in  addition  to  CASE  II 
actions.  Issue  Croup  1  material  (with  all  other  destined  for 
the  same  location)  is  shipped  immediately;  d.  CASS  IV  -  in 
addition  to  the  CASE  III  decision  rules.  Issue  Group  2 
material  (again  with  all  other  material  in  the  appropriate 
queue)  is  shipped  once  a  day. 

Appendices  E ,  F,  and  G  contain  those  events  which 
were  modified  for  each  decision  rule. 

5.  Measures  of  Effect iyeness 

Two  measures  of  effectiveness  were  selected.  First, 
the  amount  of  time  requisitions  were  waiting  to  be  shipped 
was  chosed  as  a  measure  of  customer  service.  Second,  the 
actual  number  of  shipments  released  was  selected  as  an 
evaluation  of  the  cost  of  the  chosen  stratagy.  The  total 
number  of  shipments  is  considered  a  proxy  variable  for 
shipping  costs. 

C.  RESULTS 
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The  outputs  from  the  forty  program  runs  have  been 
tabulated  by  each  decision  rule  and  are  presented  in 
Appendix  H.  The  logically  expected  results  in  the  mean 
waiting  times  was  observed.  Mean  waiting  times  of  .48  to 
.53  were  observed  when  shipments  were  daily.  Under  weekly 
shipping  rules  the  mean  waiting  times  were  3. hi  to  3.o1 
days . 


Since  program  runs  were  seed  dependent  and  a  comparison 
of  decision  rules  was  desired,  only  those  runs  in  which  all 
results  were  obtained  for  all  cases  will  be  examined  here. 
These  runs  were  numbers  2,  3,  5,  5,  and  8  as  found  in 
Appendix  ri.  Data  from  these  runs  were  then  averaged  by 
Issue  Group  within  each  decision  rule  (case) .  Weighted 
averages  were  then  computed  per  case  by  assigning  weights 
which  were  representative  of  each  Issue  Group' s  probability 
of  occurrance.  The  values  used  were  .0008  (Issue  Group 
One),  .1499  (Issue  Group  Two),  and,  .8493  (Issue  Group 
Three).  The  results  of  these  computations  represent  five 
years  worth  of  simulation  per  case  and  are  presented  in 
Table  5. 
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IV .  OIS^JSS ION  A£3  CO N Cl U S IONS 


A.  DISCUSSION 

It  is  noteworthy  that  minor  variations  in  tne  average 
waiting  times  have  significant  impact  in  the  total  number  of 
shipments.  Increasing  the  waiting  time  per  shipment  from  .5 
to  3.5  days  has  tie  effect  of  reducing  the  number  of 
shipments  from  an  average  of  2075  to  an  average  of  319  trips 
per  fifty-four  weeks.  or  a  o. 6-fold  decrease. 

However,  adjusting  th-*  weekly  shipments  by  shipping 
Issue  Group  One  material  immediately  (CASS  III)  reduced 
their  waiting  times  to  zero,  yet  did  not  significantly 
increase  the  total  number  of  shipments  experienced.  In 
fact,  they  only  increased  from  31°  to  337  per  54  we^ks. 
This  is  not  an  unexpectel  result  since  there  was  only  a  .05 
per  cent  caance  of  a  vessel  generating  an  Issue  Group  One 
shipping  requirement. 

Finally,  CASE  IV  decision  parameters  resulted  in  almost 
the  same  number  of  shipments  as  when  daily  shipments  were 
made.  The  average  number  observed  for  Su  weexs  was  1353,  on 
the  average  only  2o3  shipments  less  per  year. 

The  weighted  averages  of  each  case  were  used  to 
construct  Figure  10.  The  dependent  variable  was  *he  mean 
wait  time  in  days  and  tne  independent  variable  was  the 
number  of  shipments  made  in  fifty-four  weeks.  The  curve  was 
constructed  assumina  that  ’■he  unknown  function  was 
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The  curve  of  Figure  10  provides  a  practical  tool  for  a 
decision  maker.  If  an  objective  function  is  known  (such  as 
a  decision  maker's  relationship  between  the  relative 
importance  of  waiting  times  and  the  number  of  shipments)  , 
the  "optimum"  number  of  shipments  could  be  determined.  For 
example,  if  it  was  decided  that  the  number  of  shipments  was 
twice  as  important  as  waiting  times,  an  objective  function 
could  be  constructed  as  follows:  total  cost  =  (cost 
constant)  x  (waiting  time)  ♦  (cost  constant)  x  (2)  x  (number 
of  shipments) .  The  appropriate  cost  constants  would  have  to 
be  selected  to  convert  the  variables  to  dollars.  This 
objective  function  could  then  be  used  with  the  curve  to 
determine  an  "optimal"  solution.  However,  this  solution 
should  not  be  attempted  until  alditional  simulations  are  run 
to  verify  the  midrange  of  the  curve. 


B.  CONCLUSIONS 


In  view  of  the  simulation  results,  it  would  appear  that 
actual  modification  of  the  current  shipping  parameters  may 
yield  substantial  transportation  savings.  However,  because 
such  parameters  as  the  weight  and  volume  of  the  larger 
shipments  were  not  evaluated,  delaying  a  shipment  beyond  the 
time  when  a  full  truck  load  is  ready  for  shipping  would  not 
be  expected  to  result  in  any  savings. 

It  is  recommended  that  follow-on  modeling  in  this  area 
be  conducted.  The  weight  and  volume  parameters  should  be 
identified  and  decision  rules  should  be  modified  to  include 
maximum  and  or  minimum  waight/volume  shipping  restrictions. 
Additional  shipping  strategies  (cases)  also  need  to  be 
proposed  and  analyzed  (for  example,  allow  Issue  Group  II's 
to  be  snipped  every  other  day,  every  third  day,  etc.)  to 
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till  in  the  middle  ot  ti  ’  curve  ot  Fi  lure  10.  Finally,  the 
simplifinq  assumption.;  of  the  model  presented  in  this  pnpor 
need  to  be  critically  reviewed  md  any  which  seriously 
violate  reality  should  be  replaced  by  more  realistic  ones 
and  the  analysis  r  e  p  e  a  t  e  i . 
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APPENDIX  3 


FORTRAN  PROGRAM  A  NG  DATA 

//ANG*C*TA  J  C8  (2427.03  '  l .  c  Z  8  L  )  «  ’  E  a  ~  "  7  40'  .  'rIw-  =  7ri 
//  FXFC  Foo-CLG 
//FU3T.SYSU.  JO  * 

INTEGER  *  2  ISTAT,'-»A 

t'AT.\  !  PW'“4’/,  T  '1°  l  /  A  /  ,  I  N  R  2  7  0  / 

PI  ME  NS  ION  r  AT  Ai  (  l  1|,imta3I13I 

10  PE  AC  (  L  J,  100.  oNH  -  V,  **L  •  ' 

100  FORMAT  ( 1  C  A4 ,2  A2  d  2  »-4  ,  T  a  ,  ’  3  ,!  "  ) 

I N  R  l  =  I'.RL  ♦  l 

IF  (  ICLUS  .NE.IO  .  ■>-  .  1ST  AT  .o'.  T-S)  r.  3  '• 

I  NR  "  =  l  NR  2  «•  ’ 

IMIUIC  .Nr.  13)  GO  '0  20 
IUCI  =  101 

PR  HE  <  20.  100  )  "OJ  l  ,  I  S’  AT  .OAT  \2  ,  T  !  'I  C  .  T  !  .  !  'L  S 
IF  (  I  NF  2.Lc.  100  )  l‘.'G  TT  :  (  IP,  ICO  )  'A  '  u  ,  t  -,T  A  -  ,  '  *  \  2  . ! 

.  u:  l  j  s 

20  IF  (HUC  .'E.  29)  GP  T"  22 
IUIC  =  102 

W[Tt(2J.lC3).)UA!  ,,<V'T,0U4.\T,i!7,”,!Cl'G 

IF  (  INR2  .L  F  .  1000  I  Tr  l  »0 ,  l  00  I  "A  T-M  .  '  AT  .  AATA2.I0"  '  .  '  ' 

.  ictus 

22  IF  (  line  .NE.  1 7 )  O'"  T"  "4 
IUIC  =  103 

WRITE(  20,  IOC)  OAT  A  1  ,  ’  c  r  G  ,  J  5T  '  1 TC  .  *  T  .  I  "L  IS 

IF  (  INR2.LE  .  1  J  )0)  PR  I  TC  (  30.  I  CO)  "A  '  '•  l  .  \  c  T  T  .  a  a  T  a  a  ,  r  <  ■ 

.  ICLUS 

24  IF (IUI C  •>  E.  "o)  on  t~  3 1 

iuic  =  IC4 

*8  IrF  (  20, 100  )  "AT.'l  .  T  ST  AT  t  0AT  V?  ,  r  iTf,  ”  ,-rL  !G 

IF  (  INF  2  .LE  .1000)  wR  I  'F  1  30 , 1  00  )  '  A  T  '  l  .  I  c  T  A*  .  M  T  2  .  I  '  '  .  I  T 
.  ICLUS 

2b  IF (IUI C  .NF.  25)  GO  28 
IUIC  =  10E 

W»  ITE  (  20  .  100  )  "AT  A  1  ,  T  ST: \J,  O.ATA  '  ,  t  >  '  C  .  '  ’  ,  I  'L'  'G 

IF  (  INF2.LE.  I  J  0  0  I  W  F  T  f  -  (  10, 1  00  I  V  U  .  [  <  7  AT  .  '07  ,  It  T  '  .  I  I 

.  I  C  LU  S 

23  IFIlLIC  .NF.  ■’4)  T~  t  1 

IUIC  =  10c 

v*RITC(20,  ICO  |'5'J[,KTr,'’lT;'.t  nr.  :  '  ,  T  •'  L  i  s 
IF  (  INP  2.LE  .lOM)  we  1  "c  (  *  0  « 1  00  )  "  A  T  A  '  ,  I  '  7  a'  ,  0  AT  '  2  ,  1  1  T  '  .  T  ! 
.ICLUS 

30  IF  (IUIC  .af.  L‘3)  GO  t'  37 
IUIC  =  107 

l"RITc(20.  100)r'ATAl,rSTATtp\TAO,Ti'(-,'T  f  ;  r  t  j  s 

IF  (  INP  2  .  LE  .  loon  )'*b  t  T£  ( ->0, 1 00)  3A'A!  ,  I R  T  at,  OA  r.*  '  .  T  I  : 

.  ICLUS 

32  I F  (  III  I  C  .  IS  E  .  23)  70  ^  34 
iuic  =  ice 

wfi  I T  F  (  20.  ICC  JOA  TA  1 .  *  S  tat.  pat  a  ’ ,  r  . ;  ;  ,  •  •  l  IS 
I  F  (  T  \R  2  .t  £  .  I  000  )WR  ITT  (  30,  1  00  C"  A'  M  .  ’  7*  ',T  .  J  '  T.\  _  ,  T  I  ■  •  .  •  • 

.  ICLUS 

34  IF  (IUIC  .NE.  O)  C.n  to  i6 

I  ire  r  2C9 

PR  ITF( 20  .  ICC  )PATA l  . I  ST  a~, n  U  V2  .  I  UIC , 1  !  ,  I  “  ^  is 
I  F  ( I  NF  2  .  L  E  .  1 000  )  a  a  T  T  '  (  >0 ,  1  CO  )  "  A  *  '  I  .  ’  S  ~  at  .  "  a  T  p  ,  • 

.ICLUS 

Je  IFdtlC  .NE.  8)  7.0  t-i  34 

t  HC  =  210 

>»K  I  7F(  20 , 100  HA  T.A 1  .  I  ST  r.D.U  A.’ ,  I  1 T  I  1  ’S 


57 


=r-.V 


-3“ 


I  P  (  INR2  .LF.  .1000  )WO  7-=  (  VO,  100  )  ~>AT  1  l .  '  F  "  AT  ,  OA  7  A  2  . r  I’  '  .  r  ' 
.  ICLUS 

J8  IFtIUlC  .NE.  14)  nin  T1  40 

I'JIC  =  211 

WR  ITE ( 20  *  100)"'4TA1  .1  S’'At,''ATA2«TmIC,  !  I  ,  IC  L  S 
I  F  (  lNf.-2.LF.  1000  )w  =  fT  =  (  3C,  IC0)^AT*  1  f  T  FT  AT  ,  )-ta  2,  J  )'  *  ,  T  ’ 
. IC  LUS 

40  !F(!U!C  .  N  E  .  21)  00  r"'  42 

T '  J  T  C  =  312 

V-R  ITF  (  2C»10C)nATA’  ,  I  ST  '.T,D4T  A2 , 1 1 1 1  r  ,  1!  ,  ICL'JF 
IF ( INR2.L  E  .  1000 I r  r (  30,  100)0ATa  l , J  FTat ,0\T\2 , ' 

.ICLUS 

42  lc<  IUIC  .NE .  10)  GO  TP  44 

IU!C  =  313 

WRI^tl  2C,  ICG  )mT."  ,  T  S x  AT  .  D  AT  A '  ,  !  I J  C  ,  r  !  ,  r  C  L  JS 
IF  ( INF  2  .LE.  1000  )W?  TTr-(  30, 1  CO)  CAT'.  1  ,J  ft  at  ,  0ATA2 . 1  J  I  '  , T  ' 
.  ICLUS 

44  IF(  I U I C  .NE.  11  )  0  0  Jn  4(S 

IJIC  =  314 

WR  I  TE  I  20  .  IOC  )  OAT  A  1  ,  T  F”  AT,  OAT  A  2  ,  :  i  'C,  T  '  ,n  j  F 
IF  (  I  NP  2.  LE  .  10  JO)  V.R  I  TE  (  30,  l  CO)  rA  i  ,  I  ft  \  T  ,0iT  '.2  ,  r 
.  ICLUS 

46  IFIIllIC  .NE.  46)  O'-1  ’■J1  4F 
I U  IC  =  415 

*RIT?  {  20  ,  ICO  )"ST  '1  ,  T  ST  AT,  OAT  <2  .  T  )!r.  I  T  ,  T'"LOS 
IF  (  INF  2.LF  .'  000) WR  I  T  =  (  30  ,  !  00  )  ^  A .  T  A  1  ,  I  f  T  AT  ,  3  A  '  \  2  .  I  T  M 
.  ICLUS 

4d  JFIIUIC  .  N  £  .  451  S3  T f  SO 
IUIC  =  4  1 1 

WRITE (20,  100  )  04 T4 1 , T  ST  at, riATAO ,  "i'r , ! '  , I 'LUS 

IF  (  I  NR  2.  LE.10U0)«P  r  TC  no  .  1  00  I  Oi'-V  ,  T  F-  A'  ,  xjt  ,  I  ■  !  "  .  ’  t 
.  ICLUS 

50  IFHIJIC  .  N  E  .  5)  r-  0  10 

IUIC  =  517 

WR  ITEI  20, 100  )PATA1  ,  t  FT  AT.  PATA2,  III  JF  f  '  t  ,  '  ri  OS 
IF< I MF  2 .LE. 1 J  30 )WRI~  c | 30,  1  00) OA^Al  ,  r  F' a*,  0ATA2  ,  T  I  rF  .  r  ’ 
.  ICLUS 
GO  TC  10 

990  wRIrE(6,2CQ)  I VR 1 » I N°  7 

200  FORMAT  (  IX,  'TOTAL  ?cfn0r,s  _  •  , ;  7 . 1  TX  , '  T  f  ’  4  L  so  5*' 

.=  ',17) 

END  FILE  20 
END  FILE  30 
STIC* 

END 

/  /  GO  .  FT lOFOO  1  CT  UN  P  =  3400-  3  ,  VnL  =S  t:  =mp0  70  7,  0  I  ~ p  =(” L  p  )  . 

//  LAP  EL  =  11,  SL.,  IN)  ,DSN  =  S2  3  90.L0C.0LV.F'-c-£  2  .''T  r  .  / 

//GC  .FT20F0C  l  30  0  SN  =  S2 42  7  .  L^r  .  F H I  o  .  a  A ,  vnL  =  S -r  =  \jo  <;  7  ;  s  , 

//  01 SP  =  (OLC , KFEP  )  . 

//  UNI  t  =  3400-3  ,  LABEL  =  (’.  ,  FL  ,  .OH"  )  ,OfF=  (  ^  ETF-'r  Fp.  L  •-  Efj.  =  •  ■ ,  ) 

// . PLKS I ZF  =  dOCC  ) 

//GO. FTiOhOC  1  L'C  0SN  =  S2  ,27  .L^f  .Shi  o  .  =  A,  1  \p  _2XP,'T=  74  ^  f, 

//  SP  ACE  =  (  2OC0  ,  (  55 , 5)  )  ,  '/nLUM=sF  =  o=  ai'Cfv  ,  nj  ;  -  =  (  , ,  -  C3)  , 

/  /UN  I  T  =2  31  *♦ 


i 


APPENDIX  C 


FORTRAN  PROGRAM  ANG  DAT  1 

THE  FOLLOWING  FRCGRA*  FXTPACt5  t hAt  dat  a  ucf 
FOR  Tt-E  DE  Tr  RN  I  NA  T  I  'N  "  c  Th  =  m  A  T  e  p  t  A  L 

THt'  SIMULATION. 

//AMGtrATI  JOH  (2427,033 I.P281)  ,  ,rX"  =  2740’ . T 
//  EXEC  E O P T C L G 
//FORf.SYSIf  DO  * 

R  f  AL  *8  U ! C  L  CC 

D I  ME  NS  I  C‘.  (  Jfe7  i '  3  )  i  r  Q  '..I  VKSJO,  !  ?  I  t 

IGPCC  P<  -i  >.U  I  "LDC  (  13)  »*'’!(  1  7)  ,or.3^iiP(  4) 

.  i  pane  <  5  jo  .  <♦ ) 

C  A  T  A  MjM6/660e*3/.  T  QUW /Q000*  T  /  ,  M  A  T  L  T  / 
.  ,  I  GROUP/ 4*0/  .  TO3-  /0  /  ,  r  1  /O  /  , I  2/ 

.K/C/.A/L  .0/  ,Nf'/l7*0/  ,  f  FLO  1/0/ »  !  FLG^/  )/ 
. IPRPC/ 2CCC*C/ 

CALL  SETryc 

10  RE  AO  1 1  0,  ICC  ,EN0='8  )  !  1  1tfi  ,  !  °  R  T  «  T  0*i »  T  TA 
IF  (I  PR  I  .ED.  0)  n-*  ti  io 
re(!UIC  .EC.  I M ) I  J  T  r  r  Pi 
IFIIPPT  . FC .  100)3RITE(6*100) 

. IDATF3 , ! U I C 

100  FJRMAT(27X,I3,3X,’2,*X,I5,2X,I3,5X,I5. 

C 


ES  3  A'Y 

r r  as  Df 

I  ^-  =  ao 


,-a  3" ; 
S3.,  1  )/ 
,  M APR  I 


a  JO  1 
<  50  3 


u  /  t  ’ 

J  1  50. 


te:,  id  a’f s. 


03  I  .13 
JI  X,  T  •» 


n,  n. 

) 


20 


21 

22 


23 

24 


IF(!DATE1  .G'.  InATC2)  ,rA^E2  =  !'IAT  =  2 
IFlICATE'’  .GT  .  ID  \  r  r  )  I P  A  RE  ?  =  r>A-£3 
NUM3I  I0ATE1,  IUIC)  =  '!■  P^  (  I  PA"^  1 ,  T  J  !C  > 


IF  (  IPC  I  .CT  .  3)  n  TO  2P 

IGPOUPtl)  =  IGRX'PUI  ♦  L 

1 1  =  1 1  F  l 

IFII1  .LF.  *00)  *  P  s  "’C  (  T  1  »  l  ) 
IF ( I  1  .Lt  .  500  )  P*  A  PP  !  ('1,1  )  = 


f  io5 
f  365 

F  1 


IF  (  IPP  I  .LT.  ."P  .  [03T  .GT. 

[GROUP  (  2  )  =  I  OROL10  (  2  )  *  l 
IF  UFLGi  .LT.  1  3)  GO  31 
l  F  L  G  1  =  C 

12  =  12  f  1 

I F ( I  2  .LE.  5J1)  ?dro C<12,?) 
IF ( 12  .LE.  500)  MApp  I  (  '2,2)  - 
IFLGL  =  I c  L  G  L  f  1 
I F  (  IPP  I  .LT.  •a)  GO  24 
[GROUP ( 3 )  =  I  GROUP! 3)  f  1 
IF { IFLG2  .LT.  VO)  GP  rn  23 
IFLG2  =  C 

1 3  =  I  3  f  l 

IF l I  3  . LE.  500)  I ppPC  <  T3  t3 I 
I* ( I  3  .LF.  500)  MA°RI(!3,3)  = 
I  F  L  G  2  =  I  c  L  G  2  f  1 
CONTINUE 

NM  ( IL'I  C  )  =  NN(  T'JTC  )  f  i 
K  =NfN  (  IU  T  C  J 

IF<k  . LE .  500)  ICUAM( K  ,  IUIC) 


-  n;:n 
IDi'FT  - 
3)  ,P  T-l 


=  I'-'AT-i 
I  A  «  2  - 


=  T  J  A  T  E  i 
I  0  A  T  r  - 


-  I  'A' 
:  1 A  T  F  i 


-  I  p  A  ’ 
i 5AT5 : 


-  TJA' 
!  P  \  T  -  ] 


=  !■ 


COUNT!  =  CCLNTt  f  I.- 
TP (COUNT  1/ l  30.0  .  )  =  . 

A  =  A  F  1 
14  =  F  I  X  l  A  ) 


A)  C-  3 


IF  (A  .IE.  300)  ••'.!!  LT  (T-*  )  =  TT4-Fr  -  !  0  A  T  C  \ 

GO  TO  10 
26  CONTINUE 

IGROUP(l)  =  P 
CALL  GET  IMC  <  I  '*  ) 

SECS  =  Ic'*  C.COOC’o 
WRIrc  (6,1111)  S"C E 
UU  F  IRMA"  (Pic. LG) 

IGROUPI-,)  =  I  GRfJP  (  1  )  >  T  r.  q  -  J  .1  (  ?  )  .  T  c  n  i  o  (  -  j 

PGRClp(I)  =  FL04t(  l<ER‘i,JP(  i  j  ) /cL  ■>.'.*(  I  0"  'UP  (4)  )  -  1  JJ 

PGROUP  (0  )  =  fp  A"  t  ICR  IMP  1  2  )  >  /  cL''?-t  I  1 e-  (  ■»  )  )  “  1  7, 

PORCUPU)  =  FLOAT  (  )  » /FL"’-\t  (I  ■'up  (a  |  )  M  JO 

CO  JO  J=  1 .  I  7 
cn  03  I=0tM,  3a5 

IF  (  Nl’.Wfi  (  I  »  J  )  .Nr.  C)  .°ITR  I  ,  J  .  M:  i  M  3  (  I .  J  ) 

no  format  (oi Jf  16) 

03  CCNTINLF 

ro  JO  1=1.243 

IF  INUMB(I.J)  .'lr.  C)  GTT"  (00.  UP)  I  ,  J  .  N  -IMA  u  .  j  j 
JO  CONTINUE 
JO  CP  NT  I N  le 

end  file  20 

c 

C  PRINT  MATRIX  <a  r~L'|M\<;  T  \  T|>j; 

BE  AP  (  5  »  1  l  5  J  U  I  f  L  be 
113  Format (At  ) 

J  =  NO  =  l  7 
NF  NO  =  JtJVP  -  1 
C 

ro  M  =  L.N'M'T.q 
MFNO  =  ,\  ♦  3 
*»RITE(fc,i2  0) 

120  FORMAT  (•  1  •  UJX,  «c?=,j""NCV  nc  T-n«jq  av  ?h|  3i//| 
w  R  I  T  F  <  6  »  100)  CJICL  PC  (  \  T  )  ,N  !  =  N,  X'l  "ip  ) 

120  FIRM .j ( 11  X  .E(  \6,  'X  )  /  ) 

V*RITE(e>.I30)  (NJ  .  (  NI'M<5  (N.l  ,  NK  )  ,  NK-N,  NI  NO  )  , '  J  =  0t  ♦.  :o| 

i«RITE(cj.130)  (  NJ,  (  NlJMo  (  N.j ,  N  x  )  , '! x  =  N .  *  T  F  *4  0  )  =  ’  .  .  ) 

WR I T E  (  e.  124) 

104  FORMAT  (•  1  *,  15X.  ‘OUAMT  T-y  prq  cy  $  H  I  D  t  /  /  ) 

WRITE  I  6.120)  l 'IT  CL  'C  t  N’  )  ,N!=N.  N!C'IP) 

I  r  E  (  c  .  I  3C  )  CIJ.  (  I  It  (  N.l  ,\x  )  .  \x=\  .  ■. !  =  j  1 )  .  ►  J  =  l  .  c  )  ') 

1 JO  FjfiWAT'(Iof2X»T6.0X,  ! b . OX ,  !o.0X,T6,2X.tc.  2X.Ir.0X.  To.  "( 

.  I  o  t  2  X .  1  o  .  Z  X ) 

34  CONTINUE 

wr i te  ( o i .  i jo )  ( (  j.  re i ,  j) . '  =  ’ . oop ) , .i  = : .  •  t  i 

132  FORM  A’  (  10. tel 
WRITE(6»1J1) 

1 31  F  IRMAT (////) 

WR  IT «=  (  o,  13h)  (  T  .  I'.R  tud  (  r  )  .PGR-jo  (  ;  |  =  1  .  i  ) 

1  3t  FORMAT  ( i  ox,  •  I f  EOF  r.tNH  •.It.'  T'"*L  'R  '= 

.15, Tt5. 'PERCE N':«  ,  “>  X  ,  c  5 .  '  ) 

WR I T E ( o.  135  ) 

135  FORMAT  (  '  1  '  .  1JX.  '"EC  I  E  SLIE  /  SH  I  °  tt»c  i-.jo  A  J  '  ‘ 

.“A  IL  TIMt*//) 

fit  40(5.1  15)C.i 'CL  T  (  I  ).  T=L,U 
wki  Tt  ( b ,  1 36)  ( 'jIcloc  (  i  ) , :  =i  ,4 ) 

136  FORMAT  (  00X,  J(  Ao.OX  )  ,  1  OX,  ’-6) 

wRITF(6»150)  (  !,  (  TPR!~r(  T,J),Jsl,3).M4lL”(*  )  »  *  -  I  •  OI 
150  FORMAT  ( 1  2X,  I  Ms.M.^.’x.lf.OO  7X  ,  ’  r  I 

WR  I T E  (  22,  130  )  (  (  J.  v  (  I .  j  ),.)  =  !,  ?)  ,;  =  l,RO.)) 

WR  PE  (  03 . 1  33  )  (  "'ML  T  (  I  I  U  =  l  ,5  10  ) 

153  FORMAT (It) 

WR  I  T  g  (  7.  156  )  (  ( J  ,MA°R  T  (  '  .  J  )  ,  I  =  l, 4.00). J  -  1.3) 

156  FORMAT (00(  I  1  ,T3)  ) 

C 

CALL  GET  IMF(  PT  ) 

SECS*  I b  T  «  0.0  700  26 
WR  I  T E  (  a  ,  1 1  1  l  )  SFCE 
ST  CP 

CE  3  JG  SU3CF-X 
ENO 

//GO  .FT1JFOO  1  re  CSN  =  S0427.i  T  .  S*l  =>  .  a  A  .  vr»L  =  S  -  •  =  NO  $  7  U  . 


tO 


//  DISP=lOLO.KEEP). 

//  UN  I  T  =  JtOO-3,  L  A3  cl  =  (  I ,  R|.  .  .  !  N  ) 

//GO.  F TO  OF  00  1  JC  LAHEL  =  EX"OT^7siob.  JN!T*OJ'  t.V  II  =  $Et  =  A  iFFV. 
//  DSN=S0407.l  .SHI  P.  PA.  UJNpiL  =  .corO  . 

//  PC  P  =  (  Ref  F  M  =  FEfLiNrCL  =  lJ»  PL  KR  T  Z  c  =  oOOO )  »  S  "*  \f  =  =  (  oOOP  .  (  l-t,  S)  )  . 
//  01  SP=  (  '•LO.KcEP) 

/  /  GC  .  F  TO  IF  00  1  OC  l  A  'EL  =  =  XP  ">t  =  7S  3  o*j  . '  “!  I  T  =  0  U  4  ,  V  'L  -S  =  •  =  '■  r  ■’  Y  . 
//  OSF  =S0407  .L.SHI  P.Fi..:mN  .t>cs  ,^.)v  , 

//  OC  e  =  4  RLCF  e  .  L4FCL  =  4  ,  RLKS’  ZE  =e>tOJ  )  ,  ?  DT"F  =  lc- 1.'  )  ,  (  t  •  )  )  . 
//  Cl  SP*<CIP.KEEP  ) 

//GC.  F  TO  OF  00  1  C  C  L  ARrL  = -  xo  =  79  "-J  i  -  =  L4  ,  V  =  F  E  -  =  7  I F  r  >  , 

//  CSN=S24?7.L.SHIP.BA.O0OCrSS.TIM-, 

//  PCP=(RECFM=F9.LRFCl=A. 8 L K R T  Z F =  o*Ofi ) , $P A “  ■ ■  = ( 6tO<> . C  0 . 6 1  ) , 

//  DISP=(f,LU»K6EP) 

//GC  .  FTO  JFOO  I  OC  L  ABF  L  =c  XPF-  r=  7u  3  65  ,  UN  I  ”  =  23  t  4  ,  V  =S  -  =  Vc  ■=  Y  . 

//  PSMS04  0  7 .1  .SHI  p.R.\.'*  4  R  .t  t  vp  . 

//  OCP  =  lRcCF4=FP.LRECL  =  4,RLXS!ZE  =  JOOO),SPATt  =  (  3  J'">0,  (  1  .  )  ). 

//  01 SP= mi  0 ,\EEP  ) 

//GO.SYSIN  ro  * 

AE  1 
A c  0 
AE  3 
AF  t 
Ac  5 
AE  6 
Ac  7 
AE  8 
AF  3  9 
APS  1 0 
AFS  11 
APR  '  2 
AOk  l  3 
Afr  1h 
■MSO  1  5 
MSO  1 6 
AR  7 

OUAM  y 

I GR  P  l 
I  GRP  2 
I  GRP  3 

MAIL 
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APPENDIX  D 


SIMSCSIPT  PROGS A N  ANG  SIN 

POc 

i  • 

VERIARL=  DEFINITION  FOLLOWS 

i  ■ 

O.FNFRATF  LIST  RCLUM^S 

•  • 

the  MFXT  14  statements  i  =  rLJ')r  th;  c»jri'ir<; 

W  t  THF IR  A  T  T  G  I  ROTES 

a  a 

PfcC MANENT  entities 

every  Ship  hag  a  '.''rA’I',\  .  A  '>oc  • 

A  T.  SHIPPFC  ,  A  ’.CH.'.''Ge  A’  D  may 
BCLUNG  TO  A  SFI0.'3Ur,ie 

E  V  c  R  Y  PC  RT  OWNS  A  CHIP.OIICJE  AM  \  ;H!  pp  *h  ;...  j'u- 
A  ,N  I!  HAS  A  AND  A  V  ~L  .  S  h  t  p  p  p  n  , 

A  wT.FINAL.SH!;'°Cl'. 

A  VOL.  FINAL.  ShIPOF!''*,  A  Tr,T.R~3 

TEMPORARY  ENTITIES 

EVERY  PiNDLE  HAS  A  S  A^r",  N'Jmb  t'5  .  r  ;n  I  S I  -  I  "'NS 
EVERY  PEOLISITPN  has  an  (  ■'  W  N  E  R  l  1  /  >» )  ,  D  ■'  I  ^  R  !  T  Y  ("’/•>). 
GUAM  I  TY  (  I  7-  iJ  )  )  . 

A  v,c  I  AH',  A  vr»IUME.  A  TT^E. READY  .FnR. SHI-’ 
AMC  MA  Y  BELONG  "D  A  SHI  ®  o  I  “G .  3'H-  "S 


THE  NF\T  STA  TEve-nit  VPTTcjci;  tht  tH!T 

EVFNT  N1TICFS  FOLLOW  GATm^d  -ha  N  IMIt-'s 

a  i 

tVSM  NOTICES  INCLJDC  ST?®.  SI  '•ULA'-  t  O'!  A vn  "OUIlM-nHI'1 

•  i 

THESE  STATEMENTS  ES'AALtsm  F’VE-VOR?  V- 

I  • 

every  PNCLc.PCTr,Ac'  AT?''  HAS  A  sn,- 
EVERY  ARR!  VAL.DE.  BUM  Lc  HAS  a  I*cv« 

EVH.,Y  R  r  AilY  .  Ff  R  .s  h:  ’  M-'I  r  Hi*  <;  a  '  "  S 
aVHRY  ChANCE.LOC  A r  I  mu  A  M‘, 

EVFRY  SHIPMENT. -n  HAS  a  pl'CE 

a  a 

THc  next  statement  nfv-'Ef  es  'h1-'  hr  y  p '  s  ’  no. 

PRIORITIES  IN  THE  PROGRAM 

a  a 

PRIORITY  TRUER  IS  RNDL  r  .  PR  =  »  A^  A  T  I  T  .  A  c  I  V  A  u  .  =  .R'\OI  . 
RFAOY  .FHR.SH  IPMc'  T ,  c MANGE. C'CATI  'N.  Sn;PM-MT, r  ■», 

STOP . S  IMULAT  ION 

a  a 

THE  FOLLOWING  LINrS  CST  A  GL  I  «  nc  g 
ALLOWS  rHE  SYStEm  TO  own  s  E  ”  s . 

THF  FOLLOW  II*  G  *3  7  LI‘icS  A5=  TM  IRC  SYSTr-i 
wH  I  0  h  THE  S  I  MU  L  AT  ION  JT'.TT 

a  a 

THE  SYSTEM  HAS  A  L.WA  IT.  tt  w<T,a  2.WAM.t,mc.  i  1  .,» A  ’ 

A  s  AE'.-R \f  .SHI  O.  TMT=R.  o  =  PAR  ’•'IS  -  SA'IOOM  M  =  r  v.'.'H  A-H  . 

A  Fi.th.STl  .SHiP.T«j-=e  . -  =  p.a-'  S  A  *  A  O  m  ST  1  A  '  I  \  r>L  "  • 

A  A=  ,u  N  CL  k  .  INTFR  .A7P  I  VAL  S  A  NO  v<  M"0  war;  \at, 

A  AFS.LUNOLE . IN’CR. ARR TV H  RANDOM  s-pp  vI^IApLih 
A  A  JR  .1UN0LE  .  IMF®  .  A  5  c  T  V  Al  c.V,  '*  «•  ’  -  p  VARIA-’L". 
a  VSC.IONOLE.  rrrR.  ASS  IVM  RAM'"  °  V'OMrc  . 

A  AF  .  L’.'NOLE  .  ! \TCR.  t„  v  c  \\ri  "<  RT£P  R  J  ',-LE. 


*  l 


A  A=  .ALAM. PORT. CHAV'S3  0  MVinrM  S  T’  P  VAR''-->L-. 

A  Ac  .  MAk  E  •  I  SL  •  PC0 T . r m  ang  c  3  A '!’.)•"<  S'  -3  ■/ A  R  T  a,  *l  E  , 

A  AE  .wEAP  .  STA  .?  IP  r.,;H4*nr  uv.)  w  «T"p  v.-ria  ‘Me. 

A  A3.  NSC  .CAK.P,'RT.  CHAMP,  =  R  A  N  PD"  S'"->  V.-'A.iL  , 

A  Ac  .SAM  . F  R  AN  •  P  3R  T . C  w  a  NG  F  ~  A  \P '  ”  S’"P  VA-'l.ArL-, 

A  Ac  .T'TO.PCRT  .  CHA^'f)  P  =>ANr",M  STfP  LL:. 

A  A6. R6TH. STL. PPP'. CHANCE  R  A  N  0  °  y  STcp  V  A  3  I  A  ft  L  c  • 

A  Ac.PEFlUY  RANDOM  STcp  V A 0  I  A 8  L  f • 

A  AUR.  AL  AM  .PORT  .CHANG*  RANDOM  VARVABL-, 

A  AOR.NSC.CAK.PnRT.'-HANGE  RAND'3-  S'FP  /  A  R  I  A  .iL  E . 

A  ACS.T  TOD.PPR  T. CHANGE  RAMTOm  sT"P  VARIARL3. 

A  ADR. BETH. PORT. CHANG*  R  .\Nn  pM  STr3  VAR’A«LC. 

A  AOR.OtPLCY  RAMOlv  UfP  VAR!A«LE, 

A  AFS.AL  AM. PORT  .CHAVGP  RANOQM  S'*3  VJR'AftLc, 

A  AFS.  NEC. CAR. °°R'. r^ANG  ~  RANDOM  St=p  VARIABLE. 

A  ASF.  TOD. PORT  .CHANG"  RA''OQv  R”3  V  A  R  I  \  ft  L  _  » 

A  AFS.TR  I  p.A  .PORT  .THAMGc  RAN  00  w  S  T  "  c>  V\-!A3Lr, 

A  AFS.CEPLCY  R  A \D0M  STEP  VAR  MOLE, 

A  AR  .ALA  Y. PORT  .'"HAVRE  RANDOM  RTep  VARIABLE. 

A  AR  .«AR  F  .  I  S  L  ,P  ^T/ HANG*  3  ANOnM  RT"R  VARIABLE. 

A  AR.NSC  .PAh.PJR'.CH  A'lGE  RANDOM  $  T  F  3  ''A3  MALE, 

A  AR.OEPLCY  P  A  \  POM  CTeo  VVC!V3L"  tmc  5'rR'"Y 
A  HS  ’.  AL  AM  .  PQR  T  .  CHAN  Gc  RA'’n,)y  s""ci  vA3TAft[-, 

A  MSD. SAN. FRAN. p°Rt. CHANGE  RANT'"'*  S'-P  w  AR  I  VFL  ^  . 

A  MOS.TL-nj.PCiRT.CHdNGC  S'c~>  v  A  3  *  A  ft  L  .1  « 

A  VSD.T.  I  .PCP  T.  CHANGE  RANDrM  STC3  v\°mfle, 

A  «SP.MP Rft l .PCR T.CHi NGC  RA'D^Y  R3"R  VARIABLE, 

A  l»SO.PACIF. POP*. CHANG*  RANP'V  S  T  r  3  VJ'! 

A  MSO.OEPLCY  R A  N00M  S"E3  V\3IA«Lt. 

A  RE  0.  PR  I3RITY 
RANDOM  S  T  c  R  V ARIARL-. 

A  ALAN.  SHIP.  INTER.  DEPARTURE  -  A  N  C1  J  L  T  \  r  A  R  VARM.-LF, 

A  DEPLOY. TIME  kiMARM  L 1 Nc  A  R  VARTAftl=. 

A  AC  .Few. PEC  .6UNDLF  3  AN  DCM  I'N'AR  V'G!  T-L1. 

A  «ARE  .  !  SL  AND.  SHI  p.  I  N'r  3  .PFP  AR  '  irt  ;j\prv  LINE' 

VAR  I  A  AL E, 

A  AFS.nEw.PER  .B'JNPL  =  RA''nr.M  L  T  N  -  A  3  V  AR  '  A  BL  E  . 

A  A-’R  .RcC.PFR  .ftl'NOL-"  R  A  N  0  3  M  LI  Nc  AR  ''ACIA->L.:, 
a  NSC  ..REC  .PER  .ftUNDL  "  RANDOM  (IsrA3  V  AR  ’  A -XL  E  « 

A  AR .RED .PER .BUNDLE  3  A  N  0  C  V  LINEAR  VARIABLE. 

A  AE  .OL'AN.PER.RFO  OA'Pi«  L  1  N  c  A  3  V  \  3  t  A  B  L  l~  . 

A  AFS.  wU  AN  .  FeR  .  RCJ  RANO'm  LINEAR  Vi‘  T',-.L-, 

A  ADR. Cl  AN.  PER  .  RED  3  AN  DO  v  LINE'.-'  Vi3  I  A  F  L  e  . 

A  US  U.CUAN  .  PER  .RED  RANT~m  i.IN-AR  VARIAAl", 

A  JR.  JUAN.  PER.  RC'J  RAN3'"-  LTN  =  AR  V  A  ■'  I  A  R|.  •  , 

A  1.  ISSUF.GRCUP.PC'C  =  S$.  'T'-c  R  A  * 1 P 1 ' M  L  I  '  T  A 3  VARI.'^L'. 
A  2.  ISSUE.  OKP’JP  .PRH* -SS  .  T,,,F  RANDOM  LINEAR  V. ARIAHi", 
A  3. ISSUE. GRCL°. PROCESS. ’rME 
RANDOM  LINEAR  VARI.'U* 

DEE  I  NE  LCC  A'  I  PN  ,  TYPE  .  STRr  F  ,  VM-pg  R.  F  .  3  CPU  !  S  '  ~  I  "-!*  ,  "«NF-  . 
PR  I  'P  I  TY  ,  CL  ANT  I  'Y  ,B  P  A  T  .  I  T3  >• ,  3R  '  -  3  .  *  'G  >, •) 

PLACE  AS  INTEGER  VAR  MALES 
DFFINE  CHANGE  JNC  NR.  TRUCKS  AS  1  -D  I  'c  NS  !  ,'N  AL  ARRAYS 

<  i 

STATISTICS  ARE  CC*°yTSP  IN  rHP  CCLL  Tv*  t'ig 


tally 

AN 

.1  .WAIT.T!«C  AS 

-.(C 

A'  A  R  .  1  . 

,  A 

T  T 

AS 

ThF 

vari ikCtf  sn.i. 

wAT'.TME 

AS  T  H  g 

e 

M"  > 

VAX.l.NAtT. 

T  I  we  4  5  - 

H  ~  M  A  X  I 

v,i 

M, 

MIN. t.WA  IT. 

T  [*C 

A  S 

The 

MINIMUM  cf  I . RA 

r  -  .  -  ,  U  c 

tally 

wt  AN 

.2. WAIT. t!mc  AS 

TH=  mean. 

V.AR.C. 

% 

T  ^ 

AS 

The 

VARIANCE,  SP.2. 

„  A  ’  -  .  "  !  M  c 

\R  TWE 

V 

— 

MAX.R.W&I  '. 

T  I  MC  A  S  ' 

MC  Y  A  X I 

HUM, 

M  I  N  .  2  .  «.A  I  '  . 

T'«C 

AS 

tH£ 

MINIMUM  CF  2.WA 

TT  .”  ME 

tally 

Ye  AN 

.3 .WA it. tTmc  ^ 

TMC  ''M\. 

VAR .3. 

A*  A 

IT 

vs 

THE 

VARIANCE,  SP . 3 . 

*  A  ’  T  .  T  •  w  - 

M  S  "MC 

73 

M«\.  >.  it  T'. 

r  r  w  n  ,  s  * 

,  X  T 

‘4  1 

Y, 

MIN.3.WA''. 

-  T  -It 

AS 

THE 

MINIMUM  -'F  3.. -A 

T  -  ^  -  •  v  r 

I 


The  NEXT  TWO  STATEH=NTS  htmcnS’CM  ''.\R!'«L 

•  • 

RESERVE  CHAr:G=  A  S  R 
RESERVE  NR  .T  RUCKS  AS  1C 
kEAO  SEEC.Vll) 

•  i 

THE  NU*9EE  C.F  SHIPS  IS  R 

•  i 

REAP  N.SHIP 
create  EVTRY  SHIP 

FOP  EVEF  Y  SHIP  ERA"1  Tvdc|<u|pj  ,  LOCI' 

•  « 

THE  NL'MHER  CF  PCRTS  IS  PESO 

i  • 

FEAT  N.pr<3' 

CREATE  EVERY  P CST 

FOR  EVERY  SHIP  MU  T«I  ^  SHIP  I" 

SHI  p.  a  E’JE  (LOC  A-  ION  (  SHTO  )  ) 

PRINT  I  LINE  t>-l$ 

PORT  SHT°  NR. 

ECR  EVERY  PCPT  np  tmjk 

PRINT  i  LINE  wI*h  PPR-,N. SHI p.OUEU 
*  «  «  * 

LOOP 

EOS  EACH  SHIP  PRINT  1  lTNE  ’«!  T  T  H  SHIP.  I.T 
TYPE (SHIP) 

AS  FOLLOWS 

»  «  < c 


SHIP) 


IR')  AS 


'N  (  SH  I 


The  FOLLOWING  LINES  read  ’N 

•  > 

REAP  SAN. FRAN. SHIP. INTER .PCI 


HE th . STL. SHI p. I  NT; 


per  13’:.’ 


AE  .  I  UN Cl  E.INTE0. ARRIVAL. 
AES.  knole.  INTEP.  ARR  r  V  A  L  » 
AC3  .  ’UNCLE.  INTER.  APR  I  '/A  L  . 
«SC.  IUNP>IE.  i*-t=R  .ARR  IVAl  . 
AF.IUN  OLE. INTER. ARRIVAL. 

A E.AL  AH. PORT .CHANGE, 
Af.vaRE  .  I SL .PCRT.CHANOF, 
AE.wfcAP.STA.PCRT.fMa'ir.E. 

AE  .NSC. CAK. PORT. C HAN Gc . 

A  F  .  S  A  N.  E  *  AN  .  F  C  R  T  .  C  HAN  OF  , 

AE  .  T  1DO.PCRT.CH  AN'H-E, 
AE.9ETh.STL .PCRT . C  h  A  N  G  c , 

Ac  ."it  PLOY  , 

ADR. A  LA u. PC R  T  .CHANGE . 

APR  ..NSC  .UA*  .PORT. CHANGE  . 

A C®  .TCOO. PORT. CHANGE. 

AUR. 3 ETH. PORT. CHANGE . 

APR  .OEPLl  Y  . 

AES. A  LAN. PORT. CHANGE, 

AES  .NSC  .OAK  .POR  ’’.ChA'IGR  . 
ASE. TOGO. PORT. Cham  IE. 
AFS.TRTP.A.pnRT .CHANGE . 

AES  . OEPLC Y , 

ar.  al ah. pop t. change. 

Ah  .PARE. I SL .PCRT. CHANGE, 

AR  .NSC. CAK. PORT .CMANG  =  , 

1  R.ce PL "Y  RFAC 

NSC.  A  LAN. PCRT. CHANGE. 

M SC  .  S  AN . F  ft  A  N  .  PC  R T . CM  A  V-  "  . 


'■'CS.TOOO.  PORT.CHANGF, 

«sr  .t  .  i  .fort. change, 

NSC .MERR I .PCRT .CHANGC , 

*  S  C  .  P  AC  I  F .PCRT.CHANGF, 

MSC. DEPLOY . 

«EC. PRIOR ity, 

£lA'-<.SHIP.!\Tc:;.')Ft:’\DTHOEI 
''ARE.  I$LANC.SHIP.INT=P  . D  =  0  A  R  T  URC  , 

AE.REC.PER.BCNCLP, 

AE  S  .REQ.P ER . RLNDL? , 

AOR  ..-nEO.PER  .PUNDL=, 

MSC.REO.PER .BUNDLE. 

AR .REO.PER.eUMDLP  , 

AE.CUAN.FER.REC, 

AF  S.  O'JAN.  PER  .  R  EC  , 

AOR  .JUAN. PER  .PEC, 

"SC.CUAN. PEP .REC, 

AR. CJAM. PER. PEC, 
pppLOY  .  T  I  E  , 

1  .  ISSUE.  GROUP. °R'~r=<'?.  'r!M', 

2  .  I  SSL?. GROUP  .PR  'CE'S.  T  I  *c  , 

3.  I  S  SU  c  •  G  S  QU  P  .  P  R  i_,C  =  S  S  .  ^  ;Mi" 

FOR  EVcP  Y  SHI p  DO  th  T  S 

•  i 

THIS  SECTION  SCFECULES  tmc  tvt-taL  auNOLc 
PREPAFATIONS  BY  EACH  SHIP  USINr-  CLAPS  papa'''EtEPS 

•  , 

IF  TYPE(SHIP)  E  CU  A  L  P  I 

SCHEDULE  A  RNOL  E. °  R  c  °  A  3  A ” I  ON 
GIVEN  SHIP  IN  AE.  I'lNOLE  .  IN  '  E  :  .  AP?  I  VA'  DAYS 

ELS  F 

IF  T  YP  £ (  SHIP  )  E  C  L  A  L  c  2 

SC  HP  DLLS  A  ENDLE.  PREPARATION 

GIVEN  SHIP  IN  AOR.IUMDLE. INTER.APC  IVAL  DAYS 

ELSE 

IE  TYPE! SHIP)  ECUALS  3 

SCHEDULE  A  BNOLE. joc papatI  'N 

GIVEN  SH[°  IN  AFS.  UNOLE  . ’•"’’ep  .  A3R!  V  '  1  A;y; 

ELSE 

IF  TYPE! SHIP  )  ECUALS  4 

SCHCCUL5  A  PN0LE.Poc®A3ST0N 

GIVEN  SHIP  IN  ^R'P.l’JMDLE  .  TNTC:}  .  ARP  IV  AL  1AYS 

ELSE 

SCHEDULE  a  PNCL  =.  PR  Ep  AP  AT  nN  GT''CN  Smtd 
IN  AF. UNCLE. I  N"ER. ARRIVAL  DAYS 
REGARDLESS 
RFG ARCLESS 
PEG AR  CLE  SS 
RCGAR  CLESS 

*  i 

THE  NEXT  POP  T  *<rVEHcNT  IS  SCHP^iJL  =  n  SN  Th-  SuId,c 

CURRENT  LDCATICN 

•  i 

IF  LOC  AT  IOM  SHIP)  CQ  t  IA  L  S  I  SCH  =  Di)l’:  4  "  h  A  NG  =  .  L  "C  A  Tr  ^N 
GIVFN  SHIP  IN  AL A4. SHIP  .  INT  =  R  .DEOARTyp:  DAYS 

ELSE 

IF  LOCAT  ION  <  SHIP  )  EQUALS  2  SCH«=~)'  >L=  A  CHANGP.L  1 C  A  T  ’  ">  N 
GIVEN  SHIP  IN  MARE. ISLAND. SHIP. TNTER. DEPARTURE  DAYS 

ELSE 

IP  LPCAT  IOMSHID)  PQIIALS  3  SCHPD'il  =  »  Cu  ANG  E  .  Ln  c  A  TT  "  j 
GIVEN  SHIP  IN  EXODNENTI  AL.F  ,  1  )  DAYS 

ELSE 

!p  LCC  AT  ION  (  SH  I  p  )  EQUALS  4  SCHS‘-''.!Lr  A  *H  iiNGE  ,l  '0  A - '! 

GIVEN  SHIP  IN  UNIFORM. F(q. ,56.,’  )  PAY' 

ELSE 

IF  LOCATION  (SHIP)  pJJALS  S  SCH*niJL  =  A  "h  ANGc .  L  '  r  '  ''i 

GIVEN  SHIP  IN  SAN.F3  AN.  SHIP.  INTrP.",PPASTi)CE  '.'AY  R 

ELSE 

IF  LOC  ATICNt  SHI  P)  E2"4lp  6  SCHEDULE  A  PHAMGE.L  '  C  A  *  *  ’') 
GIVEN  SHI®  IN  'JNI  =  PRM. P  I  30.  .  34.  ,  I  )  OAYF 

ELSE 

IF  LCC  A- ICM  SHI  P)  EQUALS  7  SCHEDULE  A 


A 


CHANGE  .L  '  C  AT  I  ”  'l 


GIVEN  SHIP  IN  ^ETM.STL  .  TN|T"«  .nrPAO  T(jCf.  i.\y 

tl  St 

it  luc  at  i°m  sh  i  n  i  nj'iALS  r  sr.H"^uLr  rtuNf,  .l  ' 

GIVEN  SHIP  IN  nroLrY  .T  !  M  -  ^YS 

else 

IF  LOC  IT  ION  (SHIP)  Pi)  U4  L  s  9  SCHHPUI.p  A  "  H  ANG  F  .  Lp 
GIVEN  SHIP  IN  /  C  AY  S 

FLSt 

IF  LOC.  AT  ION  (SHIP  )  F)'l  MS  10  SCM^PUl  =  A  CHANG  .1 
GIVEN  SHIP  IN  UNTFHPh.F  (  T  H  '  I  PAYS 

EL  St 

IF  L  PC  AT  ION  (SHIP)  FO'l.*LS  II  SC  ncr>!  r  a  CHANG  .  L 
GIVEN  iHlP  IN  44  PAYS 

El  SF 

SCHEDUl  F  A  CH ANGC .1 nC  AT TON 
GIVFN  SHIP  IN  44  PAYS 
RFGA3CLFSS 
RFGARULL S  i 
FEGAR  01 c  SS 
REGARDLESS 
REG  A  o  01  E  SS 
R I  uA K  C I  .  SS 
KEG ARCLESS 
RtGAR  PL.-  SS 
PFGAROLF Sc 
K =GARDLc SS 
PFGARCLESS 
LOOP 
•  • 

THF  STEADY- S  TATF  EVNT  IS  SC  HFOULF0 

•  « 

SCHEDULE  AN  EGLILIBRT  im  j  i,  i4.  hays 

SCHEDULE  a  STpP.ST  «HL  ATIPN  IN  WO.  i  \  y  s 

I  • 

TH“  INITIAL  SHIPHFNT  FROM  =ACH  p  CK  t  I  r  SCH'i  JLF1 

•  i 

FOR  F.  V  F  R  Y  FfR  r  SCHFPULE  ^  SHlPMEN'r.T  '  GIVEN 
PORT  IN  l .  r A  Y 
START  SIMULATICN 
STC  P 


EVENT  BNOLF  .  PR  CP  AG  .'T  ION  GIV^N  V^SS^l 
DEFINE  VESSEL  AS  AN  INTCGFR  VA^IAriLr 

•  t 

THE  NEXT  rttN  C  L  c  P R  t p  AR  AT  !  ^N  FnP  EACH  VESTEL  IS  JETfSMpl1-' 
AND  SCFEDULLD 

•  • 

IF  TYPE( VESSEL)  c  C  U  .A  L  S  1 

SC  HF  DU  LE  A  rtNOLP.PRPP APATI rN 
GIVEN  VfSSFL  IN  A  E  .  I'lMnL  F  .  ’N  -r  =  P  .  AC  c  T  V  At.  DAYS 

ELSE 

IF  TYPE! VESSEL  )  EQUALS  2 

SCHEDULE  A  PNrLP.3,cPA°AT!  2N 

GIVEN  VtSSEL  IN  APR  . 1 1 IND  L E  •  T  N’"  RP  .  AR  R  T  V  A  L  DAYS 

ELSE 

Ic  T  Y  p  E  l  VESSEL  )  EQUALS  3 

SCHEDULE  A  RNDLE. PPr PAPA" I fN 

GIVEN  VcSSrL  IN  AFS.  ILT  TLr  .  T  N  T  ^  .  Arv  V  I  VAL  'NV 

Fl  SE 

IF  TYPE(  VESSEL  >  EQUALS  •* 

SCHCQULC  A  E  \  DL  c  .  p  R  F  p  A  R  A  T  I  PN 

GIVLN  VESSEL  IN  m<,  P  .  U IND  LE  .  I  NT T  R  .  A-?  R  I  V  4L  1 A  Y  T 

FL  S  F 

SCHEDULE  A  ENDL  E.^F-oab  Attpm  GIVEN  VrSS’“L 
IN  \F. 1UNGLE .  lNTrR. A°R I  V \L  PAYS 

rfgarcless 

RFGAROLE SS 
REGAS  OLE SS 
aegarcless 

•  « 

THE  NUMBER  (F  REQUISITION-;  bunplE  AND 

thc  Owner  cf  th  =  bundle  is  r-TCR^i^cn 

(  ( 

C8FATF  A  3HNDLC 

LET  SDRCE ( BUNCL *)  =  VESS’L 
I F  TYPE! VESSEL )  EQUALS  ’ 

LET  NUMBER.  UF  .RFQll  I  S  I  T  I  DNS  (  BUNDL  f  )  - 

I N  T.F ( At .REC.  PE° . BUN 01 E  ) 

ELSE 

IF  TYPF(VtSSFL)  RQUALT  2 
L  ET  NUMBER .CF.REQUT ST t t  ( BUNDLE )  = 
lNT.F(ACR.REQ.Pr°  .RUNPl  c  ) 

El  sr 

IF  T YPE { Vc S  S E  L )  =CUALS  3 
LET  MUM  BE  0  .CF  .  REQU  I  S  r  r  I  nNC  (  RUN  OL  r  )  = 

!NT.F( AFS. REQ.PER.RU NOL 6) 

ELSE 

IF  T  YPF  (  VEST<=L  )  EQUALS  4 
LET  NUMBER. CF. REQUIS t t "PUS (BUNDLE  I  = 
INT.F(MSC.REU.PFR.BUNDLC) 

ELSE 

LFT  NUMBER. OF. RE  QUISI  t  I  pnS  (  B' INDL  F  )  = 

INT.FIAR .SEQ.Pco.8UNPLc  ) 

REGARDLESS 
RECARDLE  SS 
REGARDLESS 
RFG A  R PLc SS 

•  i 

The  ARRIVAL  T I  m  j  OF  THIS  BUNDLE  IS  SrH-'PUL^P 

•  « 

SCHEDULE  A  AP<MVAl.  PF.°UNnLc  PIVCN  P|i')ULc  I N 
EXPONENT l AL  .F  13.886,  1 )  p  A Y  c 
RF  TURN 
END 
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EVENT  ARR  I  VAL  .CF  .BUNDLE  GIV=N  PACK  AGF 
CEFI.NF  PACKAGE  AS  AM  fMTcrjcp  VAR  !A'U  E 

•  i 

AS  EACH  RUNOLc  ARRIVES  !T  IS  5^nLCrP| 

TH~  TOTAL  M'MHEfl  OF  P  EO' )  I  S  T  T  ’ONS  AM1  EACH  7  =  QU  *  S  I  T  t  n\ 
IS  ASSIGNED  IT«  A  T  TP  t  aut  ~  s 

•  • 


FOR  I  =  1  TO  N  U  M  P  F  R  .OF.PFCUT  SI’’  I  ~N<‘  I  n  A  r  k  AGE  )  D0  TH!S 
CR  F A  TE  A  REQUISITION 

LET  GHNER  ( R  EQU  1ST  T  ION  )  =  S  PRC  c  (  P  A  C  k  A  t  ) 

LET  »E  I  GH  T  I  R  E  OU  T  S  T  T  I  ON  )  =  EX  PONF,',T  t  Al  .  F  (  1  .  ,  '  ) 

LET  VOLUME (REOUI SI Tl =  = XP 1Mr VT I AL .  = I C .  ,  l  ) 

Lc  T  PR  I  Ir-ITY  (PPQOISIT 
IF  SORCE ( PACKAGE)  <  9 
INT.E( AS. CLAN. PER. RcO) 

EL  Sc 

IF  SOF CE I  PACKAGE)  < 

I  NT  .FI  ADR  .CUAN  .PE«  .  RE  0  I 
ELSE 

IF  SPRCE ( PACKAGE)  < 

I  NT . F ( AFS.UU AN  .PER  .Rc  0  ) 

ELSE 

IF  SCR  CE I  PACKAGE)  < 

I NT.F ( MSG. CUAN.PER  .R=  J ) 

EL  5C 

LET  OUANTITYIREO  IISITTPHJ 

rfgardle  ss 
RFGAR PL  ESS 
REGARCLESS 
REGARDLESS 

•  i 

THE  P  R  CC  E  S  S  T  N  G  T  I  *<  c  CGR  FACW  RcOUISTT!"m  !  '  t  =  pm  j  v  =  -i 

AND  ITS  READY  FCR  SHIP'<CNT  '  I ur  IS  SCHc"‘ML'r 

•  t 

IF  PRI  CR  ITY  (F  EQOTS  r’ T  nN  )  EOU  Al  3  3  R^wciilLE  \ 

READY.  FOP  .  SHIPNEN'  GIV'N  RFJ'TSfTOV 


I  Gfl  ) 

=  jcq.P’I'A’ 

r  '  y 

LET  OU ANT  I  TY 

(  RF 

JU 

1  $  i  r 

T  AN  )  = 

1  •> 

L-’  Or  1 ANT  T 

Ty  ( 

R  E 

O' »  I  s 

I  T  I  ■"!  ) 

15 

Lr  T  Ql  1 A  N  T  T 

T  Y  ( 

r?s 

0  u  I  S 

iti  "' ) 

l  r 

L"r  OilANTT 

T  Y( 

O'J !  S 

i T'  p'l i 

I  NT.C  (  A  -  .  JUAN.  »•>: 


) ) 


ELSE 


ELSE 


READY. EQR .SE ! PMCT 


I 

3  . 

!  S 

CJ  :  , 

'IP  .D-  T  - 

S  S  .  T  I  m- 

i  \  v  S 

nN  ) 

p 

OUALS 

A 

<f*HP''ULc 

A 

G  IV 

=  N 

R 

-or 

;  s  T 

*  J  ON 

I  N 

1  • 

ISSJE. 

1  0  .  P  If 

SS.”  I”  = 

'  Yr 

SHI 

PM 

c  N 

T  •'  i 

r  V  z 

N  p"  OJ  IS  I 

^  t  v 

I  N 

l. 

I  S 

SUE. 

,  r,  5 

fP.  PR  AC. 

SS  .  T  I  MP 

1  Y  * 

SCHEDULE  A  READY. FI 

RFGARCLFSS 
REGARCLESS 
L  JO  P 

i  t 

THE  BUNOLE  IS  R  E  MOVED  FROM  tup  SYSTey  AND  Mpyopy  IS 
MADE  AVAILABLE 

f  i 

DESTROY  THE  BUNDLE  CAL! ED  PACKAGE 

RETURN 

FNO 


?0 


* 


EVENT  CHANGE  .U'CAT  InN  GIVCM  '/'SS^L 

OFFINF  VESSEL  AND  OLD.  L  TC  A  T  I  CN‘  AS  INTEGER  VARIABLES 

•  i 

THE  VESSEL  M0 V  E  Mg  N  T  S  T  A  T  [  ?  r  r  r  $  \q£  r  Omoi  itc  0 

•  t 


ADO  l  TO  T  .CHANGE  l  VcSSr-L  ) 

ADD  l  TC  CHANGE ( TYPE(VCSECL  )  ) 

•  • 

THIS  SECTION  LOCATES  THE  NEXT 


pqcjt  the  3ht  o  ’  s  a " 


LtT  OLD. LOCATION  =  LOC A T T ON ( Vc < S rL ) 

IF  TYPE!  VESSEL  )  EQUALS  L  ANN  '•LO  .L  K  A TT  IN  -QUALS  l 
LFT  LOCATION  (VESSEL)  =  A  c  .  A  L  A  -I  .  o  )c- .  r  H  !'■  Gg 

ELSE 

IE  TYPE(VESSEL)  EQUALS  L  4'P  OL  D  .L  AC  A  T  t  -«m  -  c  o  AL  S 
LFT  LOEATI  CM  VESSEL)  =  A F. « ARE . ! SL . AOR r . CHANG 

ELSE 

IF  TYPE(VFSSEL)  EQUALS  I  AMO  °  L  0  .  L  o  C  A  r  !  N  “QMALS  < 
LET  LCCATI  CN  (VESSEL)  =  A  E  .  Q  E  AP  .  S  T  A  .  POP  T  .  CH  AT  GE 
EL  SE 

IF  TYPE(  VESSEL)  EQUALS  1  A  N n  °L  0  .LOC  A  T  !  on  "DUALS 
LET  LOCATION!  VESSEL)  =  AE  .  NSC  .  r  AK  .  pop  T  .  C  H  AMO  6 
ELSE 

IP  T  Y  P  E ( VCS  S  EL  )  EQUALS  l  A  V  o  PLD.LOCATT  SM  «Q'.lALr-  S 
LET  LCCATI ON(VESSEL)  =  A E . S AN . FR AN . °OP t . CHAN GF 
ELSE 

IF  TYPE(  VESSEL  )  EQUALS  L  AMO  n^f)  .LOC  AT'  an  t 

LET  LOCATION ( VESSEL)  =  AF.TrDO.PCPr.CHANC,F 

ELSE 

IF  TYPE(VFSSFL)  EQUALS  L  AMO  nL  o  .L  Ar  A  ' '  or,  -;uu$  I 
LET  LCCATI  CM  VESSEL)  =  AE.SFth.STL.pQPt. CHANGE 
EL  S  F 

IF  TYPE(VESSEL)  EQUALS  l  AMO  OLD ,L°CA T I  on  'QUALS  a 
LET  LCCATIGN( VESSEL)  =  A  E . HE  CL  rY 
CL  S  £ 

IF  TYPE(VESSEL)  EQUALS  2  AND  o|_D.|_orATT  Vi  EQUALS  l 
LET  LOCATI  CM  VESSEL)  =  A  C  P  .  ALAN.poij'  .CHANGE 

ELSE 

IF  TYPF(  VESSEL)  EQUALS  2  AMn  nl  0  .L  ’C  A  T  I  AN  -  Q  IA  L  S  .. 
LET  LOCATION!  VESSEL)  =  A  OP  .  \  SC  .  0  an,  .  oop  -  .  r  u  A'-  se 

ELSE 

IF  TYPE ( VCSS EL  )  EQUALS 

LET  LCCATI  ON  (VESSEL)  =  \oq  .T'To.PlPT  .CHANGE 
ELS? 

IF  T  Y  P  F  < VESSEL  )  EQUALS 

LET  LOCATION!  VESSEL)  =  A  OR  .  «  ETH  .  POP  T  .  C  H  AMC,g 
ELSE 

IF  TYPE( VESSEL)  EQUALS 
LET  LCCATI ON l VESSEL)  = 

ELSE 

IF  TYPF(  VCSSEL  )  EQUALS  A  ANC  CLD.lEr»TMM  EQUALS  I 
LET  LCCATI  CN(  VESSEL  )  =  A  FS  .  AL  AM  .  POqT  .  p  h  a  NGE 

EL  SF 

IF  TYPE(VESSEL)  EQUALS  a  ANO  PLO  .L  AC  A  tt  on  -QUALS 
let  LCCATI  ON(VESSEL)  =  AF  S  .  NFC  .  0  An.  .  OOR  T  .  Cm \m  eg 


7  ANO  PLn  .L  AC  ATr  ON 
ip .  T~ro .  pop t  ,r  h  \Nr 

7  ANO  OLD.L.ICAT!  IN] 
ip  .  «eth  .  pop  T .  r  m  ,\  m 

7  ANP  0(p  .LOCATION 
A°P  .DEPLOY 


QUAL  S 
DUALS 


ELSE 

IF  TYPE(VESSEL)  E  QU  AL  S 
LET  LOCATION ( VESSEL)  = 

ELSF 

IE  TYPE(VFSSEL)  =CUALS 
LET  LOCATION! VESSEL)  =  AFP.oCPLCY 
FLSF 

IF  TYPE! VESSEL )  EQUALS 
LET  LOCATIOMVFSSFL)  = 


A  ANn  PL  O  .L  AC  A  t  r  ’H, 

ASF.  'Anp.  POP  T  .  CH  .\NOr 

A  VN|0  OLP.LACA-ION  ~  ?'J  '  L  S 


A  \  '10  ''LD.LT.  AM  An'  i"  DUALS 
AC$.TP!D.A.°  'R'.ChA  IGF 


)UAL  S 


y  i  ii.  s 
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r  j'jj 


ELSE 

IF  TYPE(VESSFL)  EQUALS  4  AMO  PLP.LOCAT  PN  =wUALS  l 
LET  LOCAT ICN (VESSEL >  =  . AL A* .POP T .C HA NGE 

ELSE 

IF  TYPE!  VESSEL)  EQUALS  V  AND  PL  0  »  L  "’C  AT I  ON  CQUA  L  S  5 
LET  LCCATI  Of;  (VESSEL)  =  ^SP  .  $  AN  .FRAN  .POR  T  .ChA  NC-c 
ELSE 

4  4 'IP  OLO. LOCATION  r  DUAL  G 

vtos .  T°pp .  pq5t  .r  hamg= 


4  4NP  PLP.LPCATIDM  CQU4LS  3 


4  4 'IP  nLP.L  Pf  S  T I  ON  -DUALS  10 
-  -  -  POR- .CHANGE 

4  ANP  OLD. LOCATION  CQUALS  11 


IF  TYPE(VESSFL)  CQUALS 
LET  LPCATIPN(VEsSEL)  = 

ELSE 

IF  TYPE! VCSS  EL )  EQUALS 
LET  LCC4TI ON (VESSEL )  =  «SP. DEPLOY 
ELSE 

IF  TYPE( VESSEL)  EQUALS 
LET  LOCATION (VESSEL)  =  "Sn.T.r 
ELSE 

IF  TYPF(VESSEL)  EQUALS 

LET  LOCATION  (VESSEL  )  =  MSn."rR'5  I  .PORt.CHANGc 
ELSE 

LET  LPCATION<  VESSEL)  =  M  Rn  .  P  AC  I  E  .  PrR  T.CHA'iOr 
IF  TYPE(VESSEL)  EQUALS  F  AMP  OLD. LOCATION  =QUALS  1 
LET  L3CATICM  VESSEL  )  =  AR. ALAN. op 07  .CHANGE 

ELSE 

IF  TYPE(VESSEL)  EQUALS  S  A  no  OLO. LOCATION  EQUALS  0 
LET  LOCATION!  VESSEL)  =  A?.**ARE.  lSL.r"',°.r. CHANGE 

ELSE 

5  ANP  nLD  .L°C  AT  T  P»t  =QU  ALS  4 
HA  NO-  c 


S  AMP  PLP.LCOATTPM  =QUALS  A 


IF  TYPc(VESSFL)  EQUALS 
LET  LOCATION! VESSEL)  =  A R . NSC . PA K. PPR 
ELSE 

IF  TYPE(VESSEL)  equals 
L  E T  LOCATnM(VESSEL)  =  AR.PFPLpy 

else 
regarcless 
regarcless 
regardless 
regardless 
regardless 

REGARCLESS 
REG ARDLE  SS 
REGARCLESS 
REGARCLESS 
REGARDLESS 
PFGARDLESS 
RFGARDLE SS 
REGARCLESS 
REGARCLESS 
REGA  ROLE SS 
REGARCLESS 
REGARDLE SS 
REGARCLESS 
R  t  G  ARCLESS 
K60ARCLE  SS 
REGARCLESS 
REGARDLESS 
REGARCLESS 
REGARCLESS 
PEGAROLESS 
REGARCLESS 
REGARCLESS 
REGARDLESS 

RFMOVE  This  VcSScL  CRPM  SHI O .oucpc ( ^lp .L ' T ! pu ) 
FILE  THIS  VESSEL  IN  SHI P . QUEUF ( L CC Ar I PM ( V CS S EL ) ) 


THIS  SECTION  TFFN  SChEPULcS 

•  i 


rp:  \j c  X  r  o<~A' 


'HANGS  F 


IF  LOCAT  ION ( VE SSEL )  EQUALS  l  SC^en'.'LE  A  CHANG?. lDCA”  " 
GIVEN  VESSEL  IN  AL  A«  .  SHI  0  .  I  V  T  .  Pc  o  AR  T!  IP  c  HAYS 
ELSE 

IF  LOCAT  ION(  VESSEL  )  TQiiLs  2  SCHFPl'Lc  V  CH  A  NGC  ,  L  'O  r  1  " 
GIVEN  VESSEL  IN  y4EE.  ’  SLA'if. SHIP. !N'E=  .GERARD  jrt.  'AYS 

ELSE 

IF  LOCAT  r  c  N  (  VESSEL  )  =  0'J\LS  3  SrHfviir  «  r  M  « v<  -  .  L  O'*  ■  *  T  " 
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GIVEN  VESSEL  IN  F  XPONE  NT  J  Ai.  .  F  (  1  8 . 3  3  3  3  ,  l  )  DAYS 


EL  SE¬ 
IF  L  CC  ST  I  ON ( V  ESC  EL )  c DUALS  4  S'lHcnjL'"  a  CHANGE  .  LOO  *.  -  ' 
GIVEN  VESSEL  IN  UN  I  c  up  m  .  c  <  9  .  ,5  •>  .  ,  1  )  01 A  Y  s 

ELSE 

IF  LCC  ATICN(VESSEL)  EQUALS  5  $  C  H  F  nu  i_  F  A  C  H  ANGE  .  L  Or  A  '  ' 
GIVEN  VESSEL  IN  S  AM.  =  R  AN  .  Sh  I  o.  I  'iT^p  .  0  =  o  A  R  T'  IR-'  'AYS 

else 

IF  LCCAT  ICM  VESSEL)  EQUALS  6  SCHFQULF  A  CHANGE  .L ' 
GIVEN  VESSEL  IN  UNTCQOM.-(?0.«84.,  1)  NAYS 

ELSE 

IF  LOCATION!  VESSEL)  EQUALS  7  SCHEDULE  A  CHANGE  .  LCV.A' I 
GIVEN  VESSEL  IN  R =Th . S T L  .  SH ! P. ! NTE= . UE ° A R TJR =  NAYS 

ELSE 

IF  LOC  AT  ION  (  VCSCCL)  =  QUA1_S  8  SCHEOULc  \  CHANGE.  L  OC  A  ~  ' 
GIVEN  VESSEL  IN  ncpLUY.TTu-  CAYS 

ELSE 

IF  LOC  AT  ION<  VESSFL  )  EQUALS  9  SCHEDULE  a  CHANGE.  LCC'~T 
GIVEN  VESSEL  IN  7  PAYS 

ELSE 

IF  LOC  AT  ICN  (VESSEL  )  EQUALS  IC  SfH^JLT  a  C  h .  L  'l*  A  ' 
GIVEN  VESSFL  IN  UNIF'",RM.F(1..7d..l  )  QAYS 

ELSE 

IF  LCC  AT  ICN<  VESSEL  )  CQUALS  II  SCH‘-P'.U.c  A  CHANGE  ,L  t-  5  ’ 
GIVEN  VESSEL  IN  44  JAYS 

ELSE 

SCHEDULE  A  CH  ANGC.  |_nr  at  t°n 
GIVEN  VE  SSEL  IN  44  DAYS 
REGARCLESS 
REGARDLESS 
REGARDLESS 
REGARDLESS 
REGARDLE  SS 

regardless 

REGARCLESS 
REGARDLE  SS 
REGARCLESS 
RcGARDLE  SS 
REGAR  DLE  SS 
•  • 

MATERIAL  IS  REMOVED  F  OF  m  Tmc  VESSEL'S  nLO  L3CAT!'N  i.UE  it 
AND  ADDED  TE  THE  VESSCLS  CURRENT  LnC  A rT  ""N  •  s  7'ir.j- 

•  • 

FOR  EACH  REQUISITION  IN  SH  I  R°T  '(G  .  Q  )c  Uc  (  t  I. L  OC  A'  I  'N  I 
WITH  OWNER ( RECU' SI T!  tm  )  =  vF'SlL  n  '  THIS 

REMOVE  THIS  REQUISITION  FRC*  SHI  DP I  NO . QU  f  J  E (  7  L  0  •  L  A  ”  T ) 
FILE  THIS  REQUISITION  IN  SH I pp I  NO . QUC  Uc ( !  'Y  AT  I  'N  l  V  r  S  s  ‘  L  ) 
subtract  quantity (r=cuis t ti  > *  vftghtre.;  n  >i-* 
FPCM  WT.SHI  FPECICLO.I.OC  A”  TON) 

SUBTRACT  QUANTITY(Rr  QL!  sj  T1  -im)3  vCl:,mcI  SI  )!l!  S!  t:  " 

FROM  VOL.SHIPPED(OLn.LoCATTON) 

ADD  QUANTITYtREQUISITtONt*  wEIGht(R=  )U  I  S!  ’’I  "  )  -- 
WT .SHIPPED (LCCAT IOM (VFSS=l  )  ) 

ADD  QUANTT  TY(  R  EOU!  S  I  T  ! -'N  )  *  VOL"ME  (  RFOUI  SIT  I  rN  I  " 
VCL.SHlPPEO(L'1EATIr,N(VESSFL  )  ) 


LOOP 

RETURN 

END 


EVENT  SHIPMENT.  TC  G T  VEM  Dc  ST  INAT  i 
Q  £  F  I T4  E  DESTINATION  AS  AM  INTEGER  V  AP  I  APL  * 

IF  N. SHIPPING. CUEUE(DEST!NAt!DN)  EQUALS  0 
GG  TO  'FIRST' 

ELSE 

•SHIP* 

•  • 

STATISTICS  ARE  CC*P'JT  =  Q 

•  • 

AOD  1  TO  NP. TRUCKS! OK STINATTHM) 

LET  WT. FINAL  .SHlPPECfORR’ INATT">N  )  =  WT  .  SHI  RD  =n  (  QP  S  T  T  N  A1- T  T ) 
LET  VOL.FI  NA  L  .  SHI  P°cO  (0=  STI  v  ATTN)  = 

VOL .SHIPPED! DESTINATION ) 

LET  TOT.REQ!  CEST  INATTN)  =  N  .SH I  PP  I NG  ,0’J  EJ  E  (  DtR  T  I N  A  r  t  on  ) 

LET  wT.SHIPPEO!CESTINATIDN)  =  0 
LET  VCL.ShIPPEC(DESTINAT!ON)  =  0 

FOR  EACH  REQUISITION  IN  SH  I  P  PT  NQ  .QUEUE  l  OES  T  T  NA“  r'  N  )  Dn  T  M  7  S 
IF  PRIORITVIRECUISITION)  =  1  L"T  =  T;,.r .  / 

-TIMg.READY  .FCR.SHT  (  REQUISITION) 

ELSE 

IF  PRIOR  ITY(REQ'JISITTQN)  =  2  LrT  2. WAIT. TIME  =  H'T.v 
-TIME.RF  ADY  .FCR.SHIP  (R  EO'J  TSITilN  ) 

ELSE 

LET  3. WAIT. TIME  =  TImc.v  _  TI'-'E.  READY. cnc  .SHI  °(RCQU!SI  T  r  1 ) 
PEGARCLESS 
REGARDLESS 

ADD  I  TO  T. SHIPPED! TWNCE ( 3  c Q  L  T  S I T 1 0 N ) ) 

REMOVE  THc  REQUISITION  c*PM  Sh!  R  R I  NO.  QUS'J  =  T  5C  "  T  AT  T  n‘' ) 

DESTROY  REQUISITION 

LOOP 

'FIRST* 

t  • 

THE  NEXT  SHIPmcnt  for  I S  Pns-  *s  rnMO'iTc- 

AND  SCHEDULED 

•  • 

IF  TIME.V  =  INT.F!TTUE.V ) 

SCHEDULE  A  SHIPMENT. TO  GIVEN  DESTINATION  TV  1 .  jay 

ALwAYS 

RETURN 

END 


I 
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PRINT  1  L1NF  WITH  MEAN. 1 .WAIT. TIMr,  VAP.I.WAIT.tImf 
MAX. 1. WAIT. TIME.  MIN.  1  .WAIT. T!MF.  AS  FOLLOWS 

*+****  +  *.*.*  *  *  *  *****.**  *»*-H**{.(**  *«  * V  -c  m 

PRINT  fc  LI  NFS  THUS 


FllR  LATH  SHIP  POINT  !  LINE  WITH  S  HIP,  l  Of  A  T  1 1  IN  l  S  H  !  P  I 
T  .  SH  I  P  PF  0  (  SH I  o  )  *  T  .  T  H  A  NPiF  (  SHI  n  )  AS  mLlflwS 

*4t  ♦**£**+  *  A  * 


THE  SUM'  CLASS  AND  ASSOC  I  A  TFD  NtJMHFP 


»*** 


,5Ai'UhK4.\.KLS  f 


0?  i 


’  (•  ■  . 


APPENDIX  E 


CASE  II 


EVENT  SHIPMENT. TC  GTV"’"  p  t=  c  T  T  V  A  T  I  j 
C  Ff I N  =  PEST,NATIrN  A<  A‘i  IVT"GCR  v*r'«2ic 
IF  N.SFI  PP!»  G.CUEUE(DFST  T  Ni’Tr"k  )  EOUALS  0 
GG  TO  •FIRST' 

•  » 

DECISION  RULES  FCR  ^ASE  jt 

«  • 

Ic  INT.F  (Fjvc.v/7.  )  EJ'HLS  '  IMC  .  V/  7  . 

GG  TO  'SHIP* 

ELSE 

GC  TO  •  F IR  ST' 

ELSE 

•SHIP' 

•  f 

ST4MSITICS  ARE  COMPU^O 

I  • 

ADD  l  TO  NR . TS  JCK  S ( PE  ST  T  N4  r  T  0M ) 

LET  wT.  FINAL  .SUPPPI  0=ST*'^’I  '*:)  =  »  T  .  *  hi  p  o  =a  (  p §  r  p  •- r  -  v, ) 

LFT  VCL. FINAL  •  S  F  lPPFn(i''rST  I  \  ^  T  ?  0  \  )  - 

VOL.  SHIPPtC(  OESTIM’I  ph  | 

LET  TCT.R  =  0(  DEST  INATIOH)  =  v  .  cm  I  po  : '  O  .  •  ic  m  ■:  (  $  T  I  N  A  T  I  ^  I 
LEt  a  t  .ShIPPED(CESTth\''t~'!)  =  0 
LET  VCL.  SHIPPED  (DES'TIA-If'v)  r  j 

FOR  EACH  RECUISITIJv  *N  sh  T  po I  *  G  .  G  ic  i'  (  a  *  S  T  I  \A  T  I  rN  )  '  '  '  ' T  R 
IF  PRIORITY  (REOUIS!"  ION  )  =  1  LrT  L  .  •«  A!  T  .  T  I”  p  =  T  *'-'F.  V 
-T I *t.Fc AJ  Y  .FCR . SHI p ( R  =  OL  I  c I *1  N ) 

ELSE 

lc  PRIGS  I  T  Y  (RESUlS!T!^*l  )  =  2  Lr~  G.IA  !•  .’!*E  =  ’!•<£.  J 
-TIHC.RC^Qy  .FOR  .  FHI  P  (  R  c  C  J  I  F  I  T  l  "'N  ) 

FLS  c 

Lc  ”  3.*AIT.TI*=  =  -  TI''E  .REM'Y  .=hp  .c  uj  3  (r  c.-.  ,  t 

REGARCLESS 
R  FT,  ARCLESS 

ADD  l  TO  T.SH! PPECl G%NEP (  ®  E-3U  IS  I  -  I OH)  ) 

«EM~VE  THE  FEOUISITT^N  =  R  ~  m  rw  [  p  p  j  >:g.  ,V  :r"c  (  l':5T  IGA'-  \) 

OESTRCT  R  E  wU I S  I  T  !  C  N 

LCr,P 

•  f  in  ST  • 

i  i 

THE  NE  X  ”  SHIPMENT  Fho  -htc  pop’’  IS  r  Chou^E  1 

AND  SCFtCULfc  D 

•  • 

IF  T I m  £ . y  =  INT.E(TTmc.v) 

SCH=DLLE  A  SHIPMENT.TD  GIVCN  Of S ”1 NA t t '"i  * N  I.  niY 

AL-AYS 

RETURN 

END 
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"!F  tCCmCM  SHI  3)  EQUALS  7  SCHrm.Lt 


c^ange.l 


/■  < 


Ck SE  III 


EVENT  REAOY. FOR . SHI 3M=NT  GIVCN  R CQ 
DEFINE  RE Q  AS  AN  INTEGFP  VARIARLE 

•  i 

THE  SHIPPING  DESTINATION  is  F-UNC  AMO  T!«E,  «=IGHT,  «»!-• 
VOLUME  STATISTICS  ARE  CO'.io<jTEC 

f  f 

LET  port  =  L CC  AT  I  CN  (  rwME  R  (  R -C  )  ) 

LET  REQUISITION  =  5  EQ 

FILE  REQUISITION  IN  TH-  SHI  ^R  TNG.  QJCUF  (  RPR’") 

LET  TIME,. READY.  FC9 .SHI ° ( R =Q  )  =  ti«iV 
ADO  QUA  NTITY<REQ)*/.CIQHT<REG)  T  R’’.SHTOP=0(  onp-fi 
ADO  QUANTITY  (R EC J *VOLMMF ( R CC  )  T0  V"L . SHT oo  =  n ( onq -> 

•  « 

DECISION  RULES  FOR  CASE  III 

•  • 

IF  PR  ICRI TY  (  REC )  EQUALS  I  SrupOULE  A  Sh'P'^mt.t.i  gt''R'I 
PORT  NCw 

always 

RETURN 

END 
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APPENDIX  G 


CASS  IV 


EVENT  SHIPMENT. TO  GIVEN  nr^TIMlTl  l'l 
r^f-IVf  0  F  S  T  1  N  A  T  I  C  N  AR  AN  '  'lr~r.r'C  VARM  =  lr 
if  n. Shi  pping.cieue  (cesr  tnatjcv)  equals  o 
C,C  TO  'FIRST* 

•  • 

L)tC  I  SI  CN  pules  for  case  I* 

I  I 

IF  IMT.FIHFE.V//.I  = OPALS  Tt«-.v/'. 

C.o  TO  'SHIP* 

ELSE 

•  I 

DEC  l  SIGN  RULER  FOR  C.  TV 

•  ■ 

FOR  EACH  REQUISITION  IN  SH  !  dpi  NO  .QorUc  <  )ER  '  !  MAT  tom  I 

X  I  TH  Ph  I  TP  I  T  Y  (  JC  )I'I  SI  T7NJ  <  }.  RING  "H"  p  |  -'  S  T  0  .V 
IF  NONE,  C.O  TO  cic  ST 

EL  SF 

• SH l P  • 

«  « 

STATI  SI  TICS  A«F  CC^'in  i 

f  • 

APO  I  TO  MR . TRUCKS ( rcS'I N A t  t  'N  ) 

LET  U  T  .»  I  NAL  -  SH  I  PPF  T(  It  '  T  T  NA  TI  M  )  -r  M’ .SH!  >'P  l  04  1tS’!NArT  n,, 

LET  VP'  .F  I  N/ l  .  SH  I  PPrO  (  o>_  S  T  !  N  \  T  *  OM)  = 

VOl  .  SH  IPPRL)  (  DFS  T  [N  \T  I  IN  ) 

LcT  Tl  T.  RE  w(  Oti  S  TI  N  A  rT  of  )  =  N  .  S  H  I  no  I  MG  .  G"ri i  -  {  ^  ;  t  j  ►,  .*  t  pv  , 

L  c  T  WT .SHI PPEP ( PEST TNA '> j  r  ,i 

LcT  V  C  L  •  SH  I  P  F  c  E  ( C  6  S  T  ’N A T  I  ON  )  -  a 

FOR  c  A  C  H  REQUISITION  IN  <H  I  P  p  I  Np.  .  }pR  ,jc  (  A  R  S  T  I  N  A  T  ’  'N  )  o  o  "i|? 

IF  PRIORITY  (  R  EQO  I  S  TT  I'Of|  )  =  1  l'T  I.WA'  =  ’  T  >n  .  v 

-TI  ME  .  KL  AOY  .FCR.  SHI  r>  (  c  rou  » ■  I  t  !  "I  ) 

EL  SF 

IF  PRIOR  ITYIREU'JIS!  MPN)  -  J  L-T  .  w  A  '  '  .  r  I  '*  =>  -Tm-.v 

- T I mf .Rf  AJY .ECR .SHt  p( orCUI S I TT  'N ) 

El  SF 

L  r  T  3. WAIT. TIME  =  TiMr.V'  -  r  *  «  c  . c \o  Y  .  RpR  .  «  H  ;  ’(  R  -  J '  T  S’ '  T  I 
REGARPLF  SS 
RFC,  AR  OLE  SC 

APO  l  T  I  T  .SHI  FF  EC  (  iV«NrR  (R  =0O  !S  I  t  t,iv  )  ) 

RIMf'VF  THt  E  EQIJ!  SI  TT  CN  from  ^ht  0  p  t .  Ql  i  EO  E  l  o  c.R  r  !  N  A  T  ! ' ’N  I 

PfSTRi'Y  REQUISITION 

LOOP 

•FIRST* 

«  i 

the  next  shipment  for  this  ppor  js  r  imp  it=  > 

AND  SC EE  CULL  C 

t  • 

IF  T I  ME. V  *  INT  .F  l  TIMR.V  ) 

SCHEDULE  A  SHIPMENT  .Tp  :',p/  =  \  Pc  S  T I  N  A  T  1  'I  IN  !.  ' Y 

ALWAYS 

RETURN 

ENP 
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APPENDIX  ii 


DETAILED  RESULTS  EASE  I 


TRIAL 

ISSUE 

MEAN 

STD 

MAX 

MIN 

GROUP 

T I  HE 

3  E  V 

TIME 

TIME 

1 

1 

.47 

.  28 

.99 

.  0  1 

1 

2 

.50 

.  2^ 

1 . 00 

.00 

1 

3 

.  5  0 

.  2  9 

1 . 00 

.00 

1 

.  47 

.  29 

.  99 

.00 

1 

.50 

.  2  9 

1.00 

.00 

■> 

3 

.50 

.  29 

1 . 00 

.00 

J 

1 

.  4  9 

.  29 

.  95 

.00 

3 

2 

.50 

.  29 

1  .  00 

.00 

3 

3 

.50 

.  2  9 

1.00 

.00 

4 

1 

.48 

.  2  8 

.  9o 

.02 

4 

4, 

.  50 

.  29 

1  .00 

.00 

4 

3 

.50 

.  29 

1. 00 

.00 

5 

1 

.40 

.  32 

.99 

.  0  1 

5 

.50 

.  29 

1 . 00 

.00 

5 

3 

.50 

.  29 

1.00 

.00 

b 

1 

.52 

.  28 

1 . 00 

.  Oo 

0 

.50 

.29 

1  .00 

.00 

0 

3 

.50 

.24 

1.00 

.00 

7 

1 

.48 

.  30 

1.00 

.  0  1 

7 

2 

.50 

.  2  9 

1  .00 

.00 

TOTAL 

TRIPS 


S3  5  1 


223  1 


tops 


2  :  0  7 


::  7  3 


]'U7 


7 

3 

.50 

.29 

1 . 00 

.00 

8 

1 

.50 

.  29 

1. 00 

.00 

8 

-1 

4. 

.  5  0 

.  29 

1 . 00 

.00 

8 

3 

.50 

.29 

1.00 

.  00 

9 

1 

.52 

.  30 

1. 00 

.  00 

9 

n 

4- 

.50 

.  29 

1  .00 

.00 

9 

3 

.50 

.29 

1 .  JO 

.00 

10* 

CASE 

;  ii 

TRIAL 

ISSUE 

MEAN 

STD 

MAI 

MIN 

GROUP 

TI  ME 

DEV 

TIMS 

TIME 

1  * 

2 

1 

3.  t>  1 

1  .  91 

6 .33 

.  1  7 

; 

> 

3.  uO 

2 . 00 

7.00 

.00 

2 

3 

3.  6  1 

1 .  99 

7.00 

.00 

3 

1 

3.60 

1  .  71 

6.93 

.04 

3 

2 

3.43 

2.01 

7.00 

.00 

3 

3 

3.  41 

2.00 

7.00 

.00 

4* 

5 

1 

3.  47 

2.  02 

0.97 

.02 

5 

■) 

3.51 

2.05 

7.00 

.00 

5 

3 

3.  49 

2.07 

7.00 

.00 

6 

1 

3.  45 

1  .  88 

6.90 

.  0  6 

6 

2 

3.52 

2 . 00 

7.00 

.00 

6 

3 

3.  53 

2.01 

7.00 

.00 

7* 

8 

1 

3.  27 

1 . 91 

6 . 9b 

.4  3 

8 

2 

3.52 

2.02 

7.00 

.00 

8 

3 

3.  52 

2.01 

7.00 

.  0  0 

9* 


1 

2J74 


20  34 


23  14 


TOTAL 
T9  IPS 


33  2 


3  3b 


34  1 


2  3  3 


30  3 
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CASE  III 


TRIAL 

ISSUE 

ME  AN 

STD 

MAX 

MIN 

TOTAL 

GROUP 

TIME 

0  E  V 

TIMS 

TIME 

TRIPS 

1* 

2 

1 

.  00 

.  00 

.00 

.  00 

2 

2 

2.  92 

1.  99 

7.00 

.  00 

2 

3 

2.  93 

1  .  99 

7.00 

.  00 

40  3 

3 

1 

.  00 

.  00 

.00 

.  00 

3 

4. 

2.  91 

2.00 

7.00 

.  00 

3 

3 

2.  89 

1 . 98 

7.00 

.  00 

400 

4 

1 

.  00 

.  00 

.00 

.  00 

4 

2 

2.  90 

1 . 98 

7.00 

.  00 

4 

3 

2.  89 

1  .  98 

7.  00 

.  00 

41  3 

5 

1 

.  CO 

.  00 

.00 

.  00 

5 

*> 

4. 

2.  9b 

1  .  99 

7.00 

.00 

5 

3 

2.93 

2.01 

7.00 

.  00 

397 

6 

1 

.  00 

.  00 

.  00 

.  00 

6 

2 

2.  80 

1 . 95 

7.00 

.  00 

6 

3 

2.78 

1 . 95 

7.00 

.  00 

370 

7* 

8 

1 

.  00 

.  00 

.00 

.  00 

8 

o 

4m 

3.  04 

2.02 

7.00 

.00 

8 

3 

3. 04 

2.01 

7.00 

.  00 

35  3 

9  * 

10* 

raiAL 

ISSUE 

MEAN 

CASE 

STD 

IV 

MAX 

MIN 

TOTAL 

GROUP 

TIME 

OSV 

TIMS 

TIME 

TRIPS 

1 


1 

1 

.00 

.  00 

.  00 

o 

o 

1 

2 

.49 

.29 

1  .  00 

.00 

1 

3 

.5  1 

.38 

b .  o  9 

.00 

1738 

2 

1 

.00 

.00 

.00 

.00 

2 

.  48 

.29 

1.00 

.00 

2 

3 

.52 

.  4  1 

6.  95 

.00 

1  865 

3 

1 

.00 

.00 

.  00 

.00 

3 

.49 

.29 

1.00 

.00 

3 

3 

.  5  2 

.  38 

6. 98 

.00 

1995 

4 

1 

.00 

.  00 

.00 

.00 

4 

2 

.48 

.29 

1.00 

.00 

4 

3 

.53 

.42 

6.39 

.00 

1901 

5 

1 

.00 

.  00 

.  00 

.00 

5 

2 

.49 

.  29 

1  .00 

.00 

5 

3 

.52 

.38 

6.37 

.00 

1920 

0 

1 

.00 

.00 

.00 

.00 

6 

2 

.49 

.29 

1  .00 

.00 

6 

3 

.5  1 

.37 

6.9  1 

.00 

16  9  0 

7 

1 

.00 

.00 

.CO 

.00 

7 

2 

.49 

.29 

1  .00 

.00 

7 

3 

.52 

.38 

6.  99 

.00 

1752 

3 

1 

.00 

.00 

.  00 

.00 

3 

2 

.  49 

.  2  9 

1  .00 

.00 

3 

3 

.5  1 

.36 

6.93 

.00 

1  767 

3 

1 

.00 

.00 

.  00 

.00 

9 

2* 

.  49 

.2  9 

1  .00 

.00 

9 

3 

.52 

.38 

7.00 

.  00 

20  18 
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